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After interacting with thousands of students and interviewing 100's of 
Toppers, | realized that most of the students score less not because of 
lack of knowledge or hard work or intelligence but because of lack of 
guidance, planned approach and poor study techniques. So, the 
problem most of the students face is not of potential but of converting 
that potential into performance. Hard work should bring achievement 
butonly when coupled with efficient and appropriate study techniques 
and proper strategy. 
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and reinforces the basic strategies adopted by toppers and helps in 
mastering study skills and techniques for efficient learning. 
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and also offer useful suggestions to overcome negativity and improve 
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PHYSICS 


UNITS AND MEASUREMENTS 
The work done by a gas molecule in an isolated 
2. 
system is given by, W = af^e. oT , where x is the 
displacement & is the Boltzmann constant and T 


is the temperature, о. and are constants. Then 
the dimension of B will be : 


(a) [MLT] (b) [MLT?] 
(с) IM?LT?] (d) ТМТ] 


CHAPTER-2 : MOTION IN A STRAIGHT LINE 


2. If the velocity-time graph has the shape AMB, 
what would be the shape of the corresponding 
acceleration-time graph? 


5 
a 


(a) 


(b) 


(2) 


(d) 


CHAPTER-4 : LAWS OF MOTION 


3. The coefficient of static friction between a 
wooden block of mass 0.5 kg and a vertical 
rough wall is 0.2. The magnitude of horizontal 
force that should be applied on the block to 


keep it adhere to the wall will be N. 
[g= 10 ms] 
4. An inclined plane is bent in such a way that the 


" EN x 
vertical cross-section is given by у= Л where 


y is in vertical and x in horizontal direction. 
If the upper surface of this curved plane is 
rough with coefficient of friction 1 = 0.5, the 
maximum height in ст at which a stationary 
block will not slip downward is cm. 


A ball with a speed of 9 m/s collides with 
another identical ball at rest. After the collision, 
the direction of each ball makes an angle of 30° 
with the original direction. The ratio of velocities 
of the balls after collision is x : у, where x 
is 


2021-2 


CHAPTER-6 : ROTATIONAL MOTION 


6. 


Moment of inertia (MLL) of four bodies, having 
same mass and radius, are reported as; 

1, - М1. of thin circular ring about its diameter, 
1, = ML. of circular dise about an axis 
perpendicular to the disc and going through the 
centre, 

1,— MLL of solid cylinder about its axis and 

1, - МІ. of solid sphere about its diameter. 
Then: 


5 
@ htk д4 Sls 


Ohhh (9 14,444, 
CHAPTER-7 : GRAVITATION 


Two stars of masses m and 2m at a distance d 
free space. The period of revolution is : 
3 3 
28 O 2x 
2n 3Gm 
o 1 Бб" 
Four identical particles of equal masses 1 kg 
made to move along the circumference of a 
own mutual gravitational attraction. The speed 
of each particle will be : 
G +2V2)G 
© [Bes -) o varaa 
Consider two satellites S, and S, with periods of 
around a planet in circular orbits. The ratio of 
angular velocity of satellite 5, to the angular 
(a) 8:1 b) 1:4 @ 2:1 (41:8 
СНАРТЕ! ЕСНАМ!СА1. PROPERTIES 


rotate about their common centre of mass in 
@ c. 

3Gm 

PEN 
PS a 
circle of radius 1 m under the action of their 
G 
(а) 50m 0) /в60-2/2) 
revolution 1 hr. and 8hr. respectively revolving 
velocity of satellites 5, is : 
OF SOLIDS 


10. IY, Капа n are the values of Young's modulus, 


bulk modulus and modulus of rigidity of 
any material respectively. Choose the correct 
relation for these parameters. 
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CHAPTER-9 : MECHANICAL 
PROPERTIES OF FLUIDS 


п. 


А hydraulic press сап lift 100 kg when а mass 
“m” is placed on the smaller piston. It can lift 
kg when the diameter of the larger piston. 
is increased by 4 times and that of the smaller 
piston is decreased by 4 times keeping the same 
mass ‘m’ on the smaller piston. 


CHAPTER-10 : THERMAL 
PROPERTIES OF MATTER 


12. Each side of a box made of metal sheet in 


cubic shape is ‘a’ at room temperature ‘T, 
the coefficient of linear expansion of the 
metal sheet is “ог. The metal sheet 1s heated 
uniformly, by a small temperature АТ, so that 
its new temperature is Т + AT. Calculate the 
increase in the volume of the metal box. 


(а) Зазалт (b) 4a3aAT 


(c) ЗлазаАТ (d) {шалт 


CHAPTER-11 : THERMODYNAMICS 


13. п mole a perfect gas undergoes a cyclic process 


АВСА (see (figure) consisting of the following 
processes. 

A > B : Isothermal expansion at temperature 
T so that the volume is doubled from V, to V, 
= 2V and pressure changes from P, to P. 

B — С: Isobaric compression at pressure P, to 
initial volume V,. 

С — A : Isochorie change leading to change of 
pressure from P, to P}. 

Total work done in the complete cycle ABCA 
is: 
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(a) 0 (b) тат{з+1) 


(с) nRTIn2 @ ши(нэ-1) 
14. Match List-I with List-II: 
List 
(A) Isothermal 
(B) Isochoric 


List-II 
(1) Pressure constant 
(ii) Temperature 
constant 
(iii) Volume constant 
(iv) Heat content is 
constant 
Choose the correct answer from the options 
given below: 
(а) (A) > @, (B) > (їй), (С) > Gi), (D) > (iv) 
© (A) > Gi), (В) > Gi), (С) > 01), (D) > @ 
© (A) Gi), (B) > v), ©) > Git), (D) > () 
(d) (A) > (iii), (B) > (ii), (0) > (i), (D) > Gv) 


CHAPTER-13 : OSCILLATIONS 


15. In the given figure, a mass M is attached to a 
horizontal spring which is fixed on one side to a 
rigid support. The spring constant of the spring 
is k. The mass oscillates on a frictionless surface 
with time period T and amplitude А. When the 
mass is in equilibrium position, as shown in the 
figure, another mass т is gently fixed upon it. 
The new amplitude of oscillation will be : 


(C) Adiabatic 
(D) Isobaric 
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M 
(b 4 pres 

M 
(d) 4 Ha 


LECTRIC CHARGES 
AND FIELDS 


*Q 


ж-а-» 10 
е ч 
nega? 


-20 2...» 
"EU 
O mes 79 

20: ih den a 
o) —— — Gt yt 
бую е d 


O aiš 
d) = 
Ф NE (+ P42) 


CHAPTER-16 : ELECTROSTATIC 
POTENTIAL AND CAPACITANCE 


17. Two equal capacitors are first connected in 
series and then in parallel. The ratio of the 
equivalent capacities in the two cases will be : 


(а) 4:1 (b) 2:1 (0) 1:4 (d) 1:2 


CHAPTER-17 : CURRENT ELECTRICITY 


18. A current through a wire depends on time аз? 
= ay + BP where a, = 20 A/s and B = 8 As. 
Find the charge crossed through a section of the 


wire in 15 s. 
(a) 2250 С (b) 11250 C 
(c) 2100 C (d) 260 C 
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19. 


A cell E, of emf 6 V and internal resistance 2 Q 
is connected with another cell E, of emf 4 V and 
internal resistance 8 О (as shown in the figure). 
The potential difference across points X and Y 


(a) 10.0 V 
(с) 56V 


(b) 36V 
(d) 20V 


CHAPTER- LTERNATING CURRENT 


20. 


A resonance circuit having inductance and 
resistance 2 х 10-* H and 6.2802 respectively 
oscillates at 10 MHz frequency. The value of 
quality factor of this resonator is 

[x= 3.14] 
A common transistor radio set requires 12 
V (D.C, for its operation. The D.C. source 
is constructed by using a transformer and a 
rectifier circuit, which are operated at 220 V 
(А.С.) on standard domestic A.C. supply. The 
number of turns of secondary coil are 24, then 
the number of turns of primary are 


CHAPTER-22 : ELECTROMAGNETIC 
WAVES 


22. 


23. 


An electromagnetic wave of frequency 5 GHz, 
is travelling in а medium whose relative electric. 
permittivity and relative magnetic permeability 
both are 2. Its velocity in this medium is 
x 107 m/s. 


CHAPTER-23 : RAY OPTICS AND 


OPTICAL INSTRUMENTS 


The focal length / is related to the radius of 
curvature г of the spherical convex mirror by : 


@ four ws 


© f-- @ for 
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CHAPTER-24 : WAVE OPTICS 


24. 


In a Young's double slit experiment, the width 
ofthe one of the slit is three times the other slit. 
The amplitude of the light coming from a slit is 
proportional to the slit-width. Find the ratio of 
the maximum to the minimum intensity in the 
interference pattern. 
(a) 1:4 (b) 3:1 


() 4:1 (3) 2:1 


. An unpolarized light beam is incident on the 


polarizer of a polarization experiment and 

the intensity of light beam emerging from the 

analyzer is measured as 100 Lumens. Now, if 

the analyzer is rotated around the horizontal 

axis (direction of light) by 30° in clockwise 

direction, the intensity of emerging light will be 
Lumens. 


CHAPTER-25 : DUAL NATURE OF 
RADIATION AND MATTER 


26. 


Given below are two statements : 

Statement-I : Two photons having equal linear 
momenta have equal wavelengths. 
Statement-II: If the wavelength of photon is 
decreased, then the momentum and energy of a 
photon will also decrease. 

In the light of the above statements, choose the 
correct answer from the options given below. 
(a) Both Statement I and Statement II are true 
(b) Statement I is false but Statement II is true 
(c) Both Statement I and Statement П are false 
(d) Statement I is true but Statement II is false 


CHAPTER-26 : ATOMS 


27. 


In the given figure, the energy levels of 
hydrogen atom have been shown along with 
some transitions marked A, B, C, D and E. The 
transitions A, B and C respectively represent : 
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(a) The ionization potential of hydrogen, 
second member of Balmer series and third 
member of Paschen series. 

(b) The first member of the Lyman series, 
third member of Balmer series and second 
member of Paschen series. 

(c) The series limit of Lyman series, third 
member of Balmer series and second 
member of Paschen series. 

(d) The series limit of Lyman series, second 
member of Balmer series and second 
member of Paschen series. 


CHAPTER-28 : SEMICONDUCTOR 
ELECTRONICS :MATERIALS, 
DEVICES AND SIMPLE CIRCUITS 
28. 1Г an emitter current is changed by 4 mA, the 
collector current changes by 3.5 mA. The value 
of B will Бе: 
(а) 7 (b) 05 (с) 0.875 (d) 3.5 

29. In connection with the circuit drawn below, the 
value of current flowing through 2 КО resistor 
is x 


104A. 
1kQ 
2kQ 
Азу 
10V 
30. An audio signal v, = 20 sin 2x (1500 /) 
amplitude modulates a carrier v, — 80 sin 2x 


(100,000 0). i 
The value of percent modulation is 


CHEMISTRY 


CHAPTER-1 : SOME BASIC 
CONCEPTS OF CHEMISTRY 
31. 4.5 g of compound A (MW = 90) was used 
to make 250 mL of its aqueous solution. The 
molarity of the solution is M is x x 10-1. The 
value of x is (Rounded off to the 
nearest integer) 


2021-5 
CHAPTER-2 : STRUCTURE OF ATOM 

32. A proton and а Li?* nucleus are accelerated 
by the same potential. If A, апа 4, denote the 
de Broglie wavelengths of Li^* and proton 


respectively, then the value of “Ei is x 10-1, 
The value of x is Ap 
(Rounded off to the nearest integer) 
(Mass of Li** = 8.3 mass of proton) 
CHAPTER-3 : CLASSIFICATION OF 
ELEMENTS AND PERIODICITY 
IN PROPERTIES 

33. Consider the elements Mg, Al, S, P and Si, the 
correct increasing order of their first ionization 
enthalpy is : 
(a) Ма <Al<Si<S<P 
(b) Al<Mg<Si<S<P 
(©) Mg<Al<Si<P<S 
(d) Al<Mg<S<Si<P 


CHAPTER-4 : CHEMICAL BONDING AND 
MOLECULAR STRUCTURE 
34. Which of the following are isostructural pairs? 


А SOF and CrOg- 
B. SiCly and TiCly 


C. NH; and NO; 


D. BCl; and BrCl; 
(a) CandDonly (b) Aand B only 
(с) AandConly (d) BandC only 


CHAPTER-7 : EQUILIRRIUM 


35. At 1990 K and 1 atm pressure, there are 
equal number of Cl, molecules and Cl atoms 
in the reaction mixture. The value of К, for 


the reaction Cl; (2)::::52С1(0) under the 
above conditions is x х 1071. The value of x is 
(Rounded off to the nearest integer) 


36. For the reaction А (в) > (B)(g), the value of 
the equilibrium constant at 300 K and 1 atm is 
equal to 100.0. The value of A,G for the reaction 
at 300 K and 1 atm in J mol is -xR, where x is 

(Rounded off to the nearest integer) 
(R= 8.31 Jmol! К and In 10 — 2.3) 


2021-6 


CHAPTER-8 : REDOX REACTIONS 


37. The reaction of sulphur in alkaline medium is 
given below: 
Sg (6)+аОН (aq) — 5827 (aq) $503" (aq) dH, (1) 


The values of ‘a’ is - (Integer answer) 
38. (A) HOCI+H,0, > H40* «CI +0, 

(B) l5: H905 +20H™ > 21 +2H,0+0, 

Choose the correct option. 

(a) H,O, acts as reducing and oxidising agent 
respectively in equation (A) and (B) 

(b) H,O, acts as oxidising agent in equation 
(A) and (B) 

(c) H,O, acts as reducing agent in equation (A) 
and (В) 

(d) H,O, act as oxidizing and reducing agent 
respectively in equation (A) and (B) 


CHAPTER-10 : THE s-BLOCK ELEMENTS 


39. Number of amphoteric compound among the 
following is 
(A) BeO (B) BaO 
(C) Be(OH), (D) 5г(ОН), 


CHAPTER-11 : THE p-BLOCK ELEMENTS 
(GROUP-13 AND 14) 
40. ALO, was leached with alkali to get X. The 
solution of X on passing of gas Y, forms Z. X, 


Y and Z respectively are: 

(а) X= Na[AKOH), ], Y = S02, Z = Al;O; 

(9 x - Na[AKOH),], Y = СО,, Z = ABO, - 

(c) X- АКОН), Y = СО, Z = А0; 

(d) X - AKOH),, Y - SO;, Z = AlO; -H,O 
41. Given below are two statements : 

Statement I : Colourless cupric metaborate is 

reduced to cuprous metaborate in a luminous 

flame. 


Statement II : Cuprous metaborate is obtained 
by heating boric anhydride and copper sulphate 
in а non-luminous flame. 

In the light of the above statements, choose the 
most appropriate answer from the options given 
below: 
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(a) Statement I is true but Statement II is false 
(b) Both Statement I and Statement II are false 
(c) Statement I is false but Statement II is true 
(d) Both Statement I and Statement II are true 


CHAPTER-13 : HYDROCARBONS 


42. What is the major product formed by HI on 
reaction with 


(a) CH, - C- CH - CHI 


CH,H 
CH, 


(b) auc cu, 


CH,I 
CH, 


(© СН,-С-СН-СН, 
1 


I CH, 
(d) CH,- CH “tH - CH,- CH, 
CH, I 
43. Which of the following reagent is used for the 
following reaction? 
CH4CH5CH; — CH;4CH;CHO 
(a) Manganese acetate 
(b) Copperat high temperature and pressure 


(c) Molybdenum oxide 
(d) Potassium permanganate 


CHAPTER-14 : ENVIRONMENTAL CHEMISTRY | 


44. The gas released during anaerobic degradation 
of vegetation may lead to: 
(a) Ozone hole 
(b) Acid rain 
(c) Corrosion of metals. 
(d) Global warming and cancer 


CHAPTER-15 : THE SOLID STATE 


45. The coordination number of an atom in a body- 


centered cubic structure is 2 
[Assume that the lattice is made up of atoms.] 
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CHAPTER-16 : SOLUTIONS (c) Al, Cu, Mg and Mn 


46. When 9.45 g of CICH,COOH is added to 500 (d) Cu, Ni and Fe 
mL of water, its freezing point drops by 0.5°С. 51. The electrode potential of M2*/M of 3d-series 
The dissociation constant of CICH,COOH is Slemeuts shows positive value of 
хх 103, The value of x is “(Rounded (9 Zn (0) Ре (9 Со (4) Cu 


off to the nearest integer) CHAPTER- O-ORDINATION COMPOUNDS| 


2 52. The stepwise formation of [Cu(NH,),P* is 
Ki =1.86 K kg шог” 3 
|Киьо) ий given below 


CHAPTER-18 : CHEMICAL KINETICS Cu? + NH, син." 


47. Gaseous cyclobutene isomerizes to butadiene МА к; T. 
|Cu(NH. NH; ——{Cu(NH: 
in a first order process which has а ‘K’ value of TUNEN ENEY аны 


к, 
3,3 x 10-4 s+ at 153 °С. The time in minutes [Cu(NH; ; P* + NH; =®э={си(ин,у;р* 
it takes for the isomerization to proceed 40% їсщмнуу?* NH, Ets [cuy] 


to completion at ts temperature is The value of stability constants К, К, K, 


(Rounded off to the nearest integer) and K, are 104, 158 x 105, 5 х 10° and 107 
respectively. The overall equilibrium constants 
48. In Freundlich adsorption isotherm, slope of AB for dissociation of [Cu(NH,),]?* is x х 10-2, 

line is: The value of x is (Rounded off to the 


nearest integer) 


CHAPTER-24 : HALOALKANES AND 
HALOARENES 


53. The product formed in the first step of the 


reaction of 
Br 
CH; -CH3 -бн-сн, -CH-CH, | with 
log P —> Ї 
(a) log n with (n> 1) Be 
(b) n with (л, 0.1 to 0.5) excess Mg/Et,O(Et = C2H5) is : 


1. (а) СН,-СН,-СН-СН,-СН-СН, 
(с) log— with (n <1) 
n CH; - CH- CH; - CH- CH; - CH; 


@ + with (2-0 ) ©) CH,-CH,-CH-CH;-CH-CH, 
п п 
CHAPTER-20 : GENERAL PRINCIPLES CH; - CH; - CH- CH; - CH-CH; 
AND PROCESSES OF ISOLATION CH. 
OF ELEMENTS (9 сну-сн( ° 
х 5 2 3 Pi 
49. Which of the following ore is concentrated CH-CH; 
using group 1 cyanide salt? MgBr 
(a) Sphalerite (b) Calamine 


d . (d) CH,CH; -CH-CH; -CH - CH; 
(c) Siderite (d) Malachite 2 ЫН 


CHAPTER-22 : THE d-AND f-BLOCK ма 
ELEMENTS 
50. The major components in "Gun Metal” аге: 
(a) Cu, Zn and Ni 
(b) Cu, Sn and Zn 
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CHAPTER-25 : ALCOHOLS, PHENOLS AND CHAPTER-26 : ALDEHYDES, KETONES АМО 
ETHERS CARBOXYLIC ACIDS 


54. What is the final product (major) ‘A’ in the 56. Identify products A and B. 


given reaction? сн, 
сн, OH dil. KMnO; NEM 
| 273K 
CH CH. ON 
ES Ч У 
cH (a) A: B: 
5 nd 7 он 
(major product) OH o 
CH, е сн, єн, 
a (b) A: он B: OH 
(8) ‘CH, - CH. OH o 
o 
CH, l 


(с) A: OHC- CH,CH;CH, - C - CH, 
CHN 9 
CH, 
e B: НООС- Poder L E 
CH, (d) A: : 
CH—CH, 
(c) 


SENS 7 : AMINES 


and ‘B’ in the following reactions are : 


87. 


SoC; / HC1/ H,0* 


€ 
ss 

7 

d 

Im 
A 
2 
$ 
8 


z 
zt g 
а 
n 
z 
o 


ge 
55. Which of the following compound gives pink 2 
colour on reaction with phthalic anhydride mw P 
iu conc. H,SO, followed by пациен with o e [Oo] 9 [Oo 
NaOH? 
CH, met Se 
Мус а 
К 2. 
он SN 
CH, бА Су) | ®:| О 
МЈ М 


2 
vE 
3 
| 

(O} 3 

z 

" 

= 

© 


PTS 
HG = (©) (А): Ф|О 
(2) “шт 
НО 'OH CN СІ 
CH. 
(d i A ы, 
ол С) | ®:| О 
HO Лха” “7 
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58. In the following reaction the reason why meta- 
nitro product also formed is 


Cone, HNO, 
Conc. H,SO,, 288K 


(a) low temperature 

(b) -NH, group is highly meta-direetive 

(c) Formation of anilinium ion 

(d) -NO, substitution always takes place at 
meta-position 
CHAPTER-28 : BIOMOLECULES 


59. Out of the following, which type of interaction 
is responsible for the stabilisation of a-helix 
structure of proteins? 

(a) Ionic bonding 

(b) Hydrogen bonding 
(c) Covalent bonding 
(d) vander Waals forces 


CHAPTER-29 : POLYMERS 


60. Match List-I with Li: 


List-I (Monomer Unit) — List-II (Polymer) 

(A) Caprolactum (i) Natural rubber 

(В) 2-СШото-1,3- — (i) Buna-N 
butadiene 

(C) Isoperene (iii) Nylon 6 

(0) Acrylonitrile (іу) Neoprene 


Choose the correct answer from the options 
given below: 

(a) (A)-(iv), (B)-Gii), (C)-Gi), (D)-(i) 

(Б) (A)-Gii), (B)-G), (С)-(їу), (D)- m 

. (B)-(iv), (С)-0), (D): 
i), (B)-Gi), (C)-Gii), (D)- W 


MATHEMATICS 


CHAPTER-5 : COMPLEX NUMBERS AND 
QUADRATIC EQUATIONS 


61. Let p and q be two positive numbers such that 
р+9 — 2 and p! + 4%— 272. Then p and q are 
roots of the equation: 


2021-9 
(а) 33-2x42-0 (b) 32-2x 48-0 
(с) 35-2» 4136 70. (d) 39-2x 1670 

62. If the least and the largest real values of 
a, for which the equation z + a|z — 1| + 2i = 
0 (z e C and i = J-1) has a solution, are p 
and q respectively, then 4(p? + 42) is equal to 


CHAPTER-7 : PERMUTATIONS AND 
COMBINATIONS 
63. A scientific committee is to be formed from 6 
Indians and 8 foreigners, which includes at least. 
2 Indians and double the number of foreigners 
as Indians. Then the number of ways, the 
committee can be formed, is : 
(a) 1625 (b) 575 (с) 560 (d) 1050 


CHAPTER-8 : BINOMIAL THEOREM 


64. Ihe value of — Сү 2! 


Г + MC + чс, tC + uci 
22 w 28- 
(c) 24 (d) 2!3-13 


CHAPTER-9 : SEQUENCE AND SERIES 


"m 
65. If /боё rte х+сов 1008.2. satisfies the 


equation 2 — 9r + 8 = 0, then the value of 
2sinx 


лү. 
Sepa 
©) 43 


s 3-digit number] 
k*2ken 
k-LkeLteLO«t«9) 
for some ( (0 < ( « 9) 

If the sum of all the elements of the set 4 ^ 
(BU C) is 274 х 400, then £ is equal to 


СНАРТЕВ-10 : STRAIGHT LINES & 
PAIR OF STRAIGHT LINES 
67. A man is walking on a straight line. The 


arithmetic mean of the reciprocals of the 
intercepts of this line on the coordinate axes is 


(a) 243. (b) i 
66. Tet A= (x: 


1 
d) = 
9 5 


i Three stones А, B and C are placed at the 


points (1, 1), (2, 2) and (4, 4) respectively. Then 
which of these stones is/are on the path of the 
man? 

(а) Aonly 

(c) АП the three 


(b) C only 
(d) B only 
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CHAPTER-11 : CONIC SECTIONS 


68. The locus of the mid-point of the line segment 
joining the focus of the parabola y? = 4ax 
to a moving point of the parabola, is another 
parabola whose directrix is : 


a 


0) х=7 


(с) х=0 (d) x-a 

69. If one of the diameters of the circle 
x2 + 2 — 2x — 6y + 6 = 0 is a chord of 
another circle “С”, whose center is at 
(2, 1), then its radius is : 


CHAPTER-12 : LIMITS AND DERIVATIVES 


" < 1 n 
70. lim tan} Y tan! () is equal to 
mt й lerer? 


(a) х=-5 


CHAPTER-13 : MATHEMATICAL REASONING 


71. The statement among the following that is a 
tautology is: 
(a) Av (4^ B) 
(b) An (A vB) 
(с) B> [Aa (4 >B)] 
0) [AAU > B] 8 


CHAPTER-16 : RELATIONS AND FUNCTIONS 


72. Let f: R — R be defined as f(x) - 2 — 1 and. 


1 


g: R- {1} > R be defined as g(x) = T 
FE 
Then the composition function /(g(x)) is : 
(a) onto but not one-one 
(b) both one-one and onto 
(c) one-one but not onto 
(d) neither one-one nor onto 
CHAPTER-18 : MATRICES 
73. LetMbeany 3 х 3 matrix with entries from theset 
(0, 1, 2}. The maximum number of such 
matrices, for which the sum of diagonal 
elements of MTM is seven, is : 


CHAPTER-19 : DETERMINANTS 
74. The system of linear equations : 
A-2y-k- 
is inconsistent if : 


-4у-2:- 


;х+2у-:-5т 
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4 
(a) k-3,m— (b k#3,meR 


5 
4 4 
c) k*3,ms— k=3,m4— 
(е) mg (d) цайг 


3-1-2 
2 0 а | where aeR: Suppose Q 
3-5 0 


75. Let P= 


= [qj] is a matrix satisfying РО = kl, for some 
k e 
nonzero ke Їч» = 7g and IDES, 


then a? + I? is equal to А 


CHAPTER-20 : CONTINUITY АМО 
DIFFERENTIABILITY 


76. 7: Risa function defined by f) = [x — 1] 


cos (A where [.] denotes the greatest 


integer function, then fis: 
(a) discontinuousatallintegralvaluesofvexceptat 


(b) continuous only at x= 1 
(«) continuous for every real х 
(d) discontinuous only at x — 1 


CHAPTER-21 : APPLICATION OF 
DERIVATIVES 
77. If the tangent to the curve y = x? at the point 
P(t, È) meets the curve again at 0, then 


the ordinate of the point which divides РО 
internally in the ratio 1:218: 


@ -2P (0) 0 — (0-8  (à2P 
78. The function 
922! 
(x)= SSE asin + Or- роон: 


(8) increases in Б) 
(b) increases in E 
2 


(©) decreases in [7,5 
1 


(d) decreases in (^ 
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79. The minimum value of o for which the equation 
4 1 


sinx l-sinx 


(0.3) вэ 
2 
CHAPTER-22 : INTEGRALS 


80.1 | E oss (525553) o, 


= а has at least one solution in 


cosx—sinx 


V8-sin2x 


where c is a constant of integration, then the 
ordered pair (a, b) is equal to 


(a) C1,3) (Ы) (3,1) 
(©) (1,3) (9 (0,-3) 
E 
| invar 
81. lim-2— — — is equal to : 
хэд х? 
2 3 1 
(a) 3 (b) 2 (c) 0 (9 15 


а 
82. If | (х3х-20с = 22, (a > 2) and [x] 


EI 


denotes the greatest integer < x, then 


Ї (хэ o de is equal to А 


а 


ICHAPTER-23 : APPLICATIONS OF INTEGRALS} 


83. The area (in sq. units) of the part of the circle 
x2 + у? = 36, which is outside the parabola 
32 = 9x, is: 
(a) 24n+3V3 (b) 121-343 
(c) 24л-343 (d) 12л--343 


CHAPTER-24 : DIFFERENTIAL EQUATIONS 


84. The population P = P() at time “7 of a certain 
species follows the differential equation 


dP 

тг 7 95 P— 450. If PO) - 850, then the time 
at which population becomes zero is : 

(a) log, 18 (b) log,9 


© Flog, 18 (d) 21og,18 


—————— 2021-11 
85. Let three vectors d,b and ё be such that с 
7 and b is 
perpendicular to Z, where а= +) + and 


is coplanar with à and 5,22 


B =2i+k, then the value of 2]d B «cf. is 


CHAPTER-26 ; THREE DIMENSIONAL 
GEOMETRY 
86. The equation of the plane passing through the 
point (1, 2, —3) and perpendicular to the planes 
3xty—22—Sand2x—Sy—z=7, is 
(а) 3x—10y—22 + 11-0 
(b) &x-5y-2:-2 
(0) ley 1726380 
(d) 6r- 5y +22 + 10-0 
87. The distance of the point (1, 1, 9) from the point 
3 


of intersection of the line 


and the plane x + y ^ z- 17 is: 


(a) 2V19 (b) 1942 (c) 38 (d) 38 


CHAPTER-27 : PROBABILITY 


88. Anordinary dice is rolled for a certain number 
of times. If the probability of getting an odd 
number 2 times is equal to the probability 
of getting an even number 3 times, then the 
probability of getting an odd number for odd 
number of times is : 


1 5 3 
Oy OF OF oi 


89. Let B, (i= 1, 2, 3) be three independent events in 
a sample space. The probability that only В, 
occur is a. Only B, occurs is В and only B, occurs 
is y. Let p be the probability that none of the 
events В, occurs and these 4 probabilities satisfy 
the equations (a — 2B) p= a and (B — 3y) p= 2By 
(АП the probabilities are assumed to lie in the 


PR) - 
ву Peo Я 


90. Two vertical poles are 150 m apart and the 
height of one is three times that of the other. ЇГ 
from the middle point of the line joining their 
feet, an observer finds the angles of elevation оГ 
their tops to be complementary, then the height 
of the shorter pole (in meters) is : 


(a) 2043 (b) 2543 (c) 30 


interval (0, 1)). Then 


(d) 25 
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ANSWER KEY 


PHYSICS "4 


L O ar 
2 2 
ој E. E yop ^ 
UT] MUT 3. (28) FBD. of the block is shown in the 
Now, [W] = [a] [В]? diagram 
p = m 
[В] Та] 


Since, block is at rest, 


Slope (+ve) Tn limiting case, 


Slope (-ve) ж; 29) 
м Using equation (1) and (iii), 

As slope is negative from A to M. So, ын 

acceleration is negative and constant from p 

A to M. From M to B, slope is positive and в 

hence acceleration. So, correct graph will be as -05х10 ,,ү 


follow 02 
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4. 


(25) 


Block will experience maximum force due to 
friction when it is at maximum height, / at this 
height, if slope of the tangent is tan 0, then 0 = 
Angle of repose. 


(Assuming that x & y in the equation are given 
in meter) 


a) 


Before Collision € After Collision 


From conservation of momentum along 
ЇЕ 


= my, sin 30° J- ту sin30°(—j) 
my, sin 30° = my sin 30° 
» 


уутэүог--1 
a Lp 


(c) Moment of inertia of ring about its diameter, 
MR? 

A МЕ? 
Moment of inertia of dise, I, —5— 


1 


2 
Moment of inertia of solid cylinder, /, = D 


2 
Moment of inertia of solid sphere, J, FMR? 


51717124, 


(b) 
 ———— 4 ———— 


2021-13 


For point O to be the centre of mass of the 
system, moment about O should be zero. 
mx — m(d —x) 
=> 3mx = md 


хэсэг 


For equilibrium, 


F gravitational 7 P centripetal 


NT 


Gravitational force acting between particle 1 
and 3 is 

Gmm _ Gm? 

(2R)? ак? 

Gravitational force acting between particle 1 
and 2 is 


F, 


Gmm — Gm? 


(Ок? 2R? 
Gravitational force acting between 1 and 4 is 
Gmm _ Gm? 


= oe 
(V2R)? 2R? 
Net force towards the centre, 


=F, +F, cos 45° + F, cos 45° 


Lm 


2021-14 


10. 


(a) 


(d) 
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_ Om Gm 1 Gm l 
4R? 2R? N2 2R V2 
_ Gm? (^ ES +) 
RNA NI NR 
_ бт 1 1) Gm 
-& Ga '-(1+2/2) 
At crus Коше” ы 
То б пуз ym 
u тайш 
>= 
4R 
Put m= 1kg, R= 1 m, we get 
_ VG0+2V2) 
n 2 
Ratio 1.1 
T, 8 
2л 
a_l (ут=2®) 
L7] 
“g 
0, 1 
ye ow that 
K (1—26) 


с — Poisson's ratio 


s-i(i-2) 
2X Ta 


Also, 
Ү=21(1 +0) 
ЭР, 

9-30 


From equation (1) and (ii), we have 


40) 


NI 


11. (25600) Using Pascal’s law, 


100 kg| m 
100xg m 
£- унь, «40 E 
p 
Let m mass can lift M, in second case then 
M 2 
Mos mg (| ond?) ii) 
164 AL є 4 ) 
16 


From equation (i) and (ii), we get 


Work done during isothermal process, 


W "LO 


y 
Wa 21:63 -nRTIn2 


Wy таваг T) (2 ) = -nRT 


а= PAV=0 (7 AV=0) 
Бан Wget Wey 
S Wa nRT m2- PET 


net 


=> Wag = LUC 2 =з) 
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14. (b) (A) Isothermal (AT — 0) 
(A) > (ii) 
(B) Isochoric (AV = 0) 
(B) > (iii) 
(©) Adiabatic (AQ = 0) 
(© > (iv) 
(D) Isobaric (АР = 0) 
(0) > (i) 
Let the initial velocity of M is V. 
On putting т on M, let velocity becomes ^. 
Momentum of system remains conserved. 


т Му” 18. 


(т + M)Ao C 


—4'- А 
М+т 


(b) Electric field due to all charges will cancel 
out except two charges + Q and — Q placed 
along body diagonal. 

By =-—2 @+Ў+®' 


16. 


E „-—2 G++) 
307 aug x5 

Net electric field at the centre of cube is 

Ene = E-9 + Exg 19. 


= 225 05.5 


3V3ne9a7 


17. (c) For series combination, 


Cs 20. 


(b) 


Given, i= agt + BP 
Put o, = 20 and B= 8 
We get i= 207 + 87 


Current, i — = 
= [а= [ги 


15 
>q- J (20t +81 )dt 
0 


0 


=>q= | Jaso 


А 
= алох 097 097 


= q= 2250+ 9000 
= 4 1250с 


V= V--56 
210-01 5.6У 
(2000) Given: L 72 х 10H 

К=628 0 
v=10 MHz = 107 Hz 
Since, quality factor, 


2021-15 


2021-16 
2x10 
SQ -2n x10! x 628 
Q=2x 10° = 2000 
21. (440) As we know, 
Np Үр 
Since, N= 220 Vand V,- 12 V 
Np 220 
24 42 
220x24 
BT. =440 
22. (15) Given: Frequency of wave v = 5 GHz 


23. 


24. 


=5 x 10° Hz 
Relative permittivity of the medium, £,= 2 


1 1 c 
ПО 


where c is speed of light is vacuum. 
30x10" 
2 


v 


3x10 


$* m/s = 15 x 107 m/s 


(a) For convex mirror, focus is behind the 
mirror. So, its focal length ( f) is positive. 


ғ 
=+^ 
fe 


(с) Let the amplitude of light wave coming 
from the narrower slit be 4, and amplitude of 
light wave [rom the wider slit be 4,. 

As amplitude ос Width of slit 

ЛАЗА 

М: ium intensity occurs where constructive 
interference takes place and the minimum 
intensity where destructive interference takes 
place. 


А, 
22 Intensity / ос 4 


2 
4. 
(Aaa 
24 
(75) Assuming initially axis of polarizer and 
analyzer are parallel 


Їзь Ж 


min Amin 


26. 


27. 


28. 
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Analyzer 


1/2 = 100 lumens 


1, Polarizer 
Л 


When the angle between axis of polarizer and 
analyzer is 30°. 
д, Polarizer 


Analyzer 


PISE” 4 1, 
Now emerging intensity = dew 30° 


2 
- LE =100%2=75 


(d) Momentum of photon, 
Я 
"AG 


Here, h = Plank's constant, 
A = wavelength og light 


Energy of photon E = = 


If linear momentum are equal then wavelength 
also equal. 
On decreasing wavelength, momentum and 
energy of photon increase: 
(c) A corresponds to transition from n = 
ton 
It is a series limit of Lymen series. 
B corresponds to transition from m = 5 to 
n-2. 
It is a third member of Balmer series. 
C corresponds to transition from n = 5 to n= 3, 
thus, it is second member of Paschen series. 
(a) Given, 

А = 4пА 

AL = 3.5 тА 


For transistors, 


тА + M, Му 0.5mA 
Current gain for common emitter transistor, 
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29. 


30. 


(25) % modulation 


(25) Current through 2 kO resistance is 


-25х107А 


ШТ 
1-25x 104A 


E 
80 


CHEMI 


31. 


32. 


33. 


34. 


0) м--25/90 952,971 
250/1000 
isnt 
© тау 
mp (eV 
"Ре т =83т 
2 Ga шанг 


Au. | 1102-2101 
Ap V83x3 5 


(b) Mg and P exhibit abnormal behaviour. 
Due to extra stability of half-filled and full- 
filled electronic configuration. 


Species 


(А) soi 


Tetrahedral 


| 
1. 
ea vd 


CI 
Tetrahedral 


| 
aha 


CI 
Tetrahedral 


35. 


36. 


37. 
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Structure 
N. 
не ^н 
н 
Triagonal pyramidal 


о 


М 
RS 
‘Triagonal planar 


cy 
7 
Triagonal planar 


СІ 


B-Cl 


Tshape 


© Ch200) 


Let mol of both of Cl, and Cl be x. 


(1380) AG? = RTInK, 
= ~R(300)(2) In(10) 
= -R00 x2 x 2.3) 

AG? = -1380R. 


2) 16с7 +S; —>8S?- 


12H,O +S, —>48,03- + 24H* +16е7 
25, -12Н,О---э8827 + 48,037 +24H* 


For balancing in basic medium add OH- equal 
оН“. 


28, -12H50 + 240H- —>8S% + 48,037 +24Н 0 


28, + 240H” —> 8S% + 45,027 +12Н,0 
Sg -120H7 —> 48S% +2508 +6Н;О 
ла=12. 
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38. (с) 
(A) HOCI+ H30; > H,07 CE +0, 
In this equation, H,O, is reducing chlorine 
from +1 to -1. 
(B) 1) +H,0, -20H^ 2E +2H,0+0, 


In this equation, Н.О; is reducing iodine 
from 0 to —1. 

Therefore, in both the reactions H,O, acts as a 
reducing agent. 

39. (2) ВеО and Be(OH), are amphoteric in 
nature while BaO and Sr(OH), are basic in 
nature. 

40. (b) ALljO;(s)* 2NaOH(aq.) -3H50(/) 


со, 
—> 2Na[Al(OH)4](aq) — ә 
(es) 


А0} xH5O(s) + 2NaHCO3(aq.) 


41. (b) 
(D Blue cupric metaborate [Cu(BO,),] is 
reduced to colourless euprous metaborate 


[Cu(BO,),] in a luminous flame. 


2Cu(BO;); +2NaBO, 4.C — вон feme у 


2CuBO, + Na;B40; CO 


(1) Сиргіс metaborate is obatined heating 
boric anhydride (B,O,) and copper sulphate in 
anon luminous flame. 
Non-luminous. 
B20; + СиЅ0 1" — ,Cu(BO;); - SO; 
Сиргіс metaborate 


(Blue-green) 
40. © 
«Сул S 
Elcctrophilic 7 
addition. | 2 methyl 
shift 
I 
A - ^w 
i 
43. © 


CH; - CH; - CH; — 9:65 эби, cH, - CHO 


44. (d) The gas, CH, evolved due to anaerobic 
degradation of vegetation which causes global 
warming and cancer. 
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45. (8) 


46. (35) CICH;COOH == CICH;COO" + H* 
Total dissociated = 1+ a 


=і=1+а 

AT, = ikm 

50.5 = (1+ aX(L86) x 225 ae 
945 500 


= 0.5 = (1+ a)(1.86) (0.2) 
=>l+a =134 = a = 0.34 


CICH,COOH ——9CICH;COO" + H* 


Att=0 a 0 0 
Attimet C-Ca Ca Ca 
(Ca)? _ Ca? 
a Clea” 1-а 
2 
э к„-%2*03® 20985 
1-034 
É K, 235x107. 
4. 09 keln 
t [AL 
1 (8) 1 
= t=—In|——] >+=——] 
k 60 3.3x104 


=> 1= 1548.49 sec 
=> = 25.81 min = 26 min. 


48. (d) Freundlich adsorption isotherm 
Za р!" 
m 


Taking logarithm 
(2) =овё+ овр 5 у= с+тх 
т. п 


т = Vn so slope will be equal to 1/п. 


bgp — 


1 
— can have valuc between 0 and 1. 
n 
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49. (a) Sphalerite ore : ZnS 
Calamine ore : ZnCO, 
Siderite ore : FeCO, 
Malachite ore : Cu(OH),.CuCO, 
In the froth flotation process (concentrated 
method), depressant helps to separates two 
sulphide ores by selective preventation of froth 
formation by one ore and allowing the other to 
come into froth. 
For example, in case of an ore containing ZnS 
and PbS, NaCN is used as a depressant. 
NaCN reacts with ZnS to form Na,[Zn(CN), ], 
so it prevents ZnS from coming to the froth but 
allow PbS to come with the froth. 


50. (5) The major components in “Gun Metal” are 
Cu : 8790: Zn : 3%; Sn : 10%. 


51. (d) Only copper shows positive value for 
electrode potential of М27М of 3d-series 
elements. 

52. (0D Cu? + NH; = pouf 
ICu(NH, P +NH, E син) Р" 


[Cu(NH; ); Р + NH; = [Cu(NH3)3 Р“ 


ICu(NH;); P+ + NH; 2 Se [Cuh P* 


Cu? + 4NH, — [Cu(NHy)4 P* 
So, K- Ku xK; xK; x K4 
=104 х15588х107 x 5x10? x10? 
SK 79x10! 
Where K = Equilibrium constant for formation 


of [Cu(NH3)4 Р” | 
So, equilibrium constant (K) for dissociation 


[Cu(NH3 , Р is — 
of 


od 0 2126x100 -(хх1072) 
79x10! 
So, x2 126 1.0. 
53. (d) 
Br Br MgBr MgBr 


(dry ether) 


2021-19 
ањ 
нд 
ач 

= 

тош 

Ни 

E 
ВРЕ 

1 знн 


LOS Је 


5 
1 M 
CO |; 
4 © 
сагс "Я 


он 
56. (b) 

ЁСОН 

“зк” 

Syn-addition OH 

57. (b) 
NH, 
NaNO, + HCI Га © 
Diazatizaion — ie ye. na 
micis] 


r^ 


2021-20 
58. (0) 
NH; NH, (Very high -1 e 
Conc. HNO; 
Hj 


(Anilinium ion) 
The positive anilinium nitrogen deactivates the 
benzene ring due to -I effect. It will behaves 
m-directing group as —I effect is more on -o 
and -p position and less on m position. 
Therefore -m product is also formed along with 
-o and -p produet. 

59. (b) Hydrogen bonding is responsible for 
stabilisation of a-helix structure of proteins. 


60. (c) 
JHN- (CH); -C 
+ ll | 
O Ín 


Nylon-6 


о 


NH 
(A) 


(B) 


Lae 


2-chloro-1, 3-butadiene 


(©) 


ээ» илж A A, 


CI n 
Neoprene (synthetic rubber) 


— РСН,-С-СН,-СН, 


сн, n 
Polyisoprene 
(Natural rubber) 


Isoprene 
(2-Methylbuta-1, 3-diene) 
(D) ;CH,- CH-CH-CH;«CH, =CH-CN 
1.3-Butadiene Acrylonitrile 
Peroxide oo ee + 


‘Copolymerisation 


CN In 
Buna-N 


MATHEMATICS 


61. (d) We have (p? +q? D 
КА 3422р)? 

2р4) - 2р?4? 

Е — l6pq + 2р4 

(ра) – 8рд – 128 = 0 


62. 


63. 


64. 
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28224 6-4 
ра 2 0, – 
“pPq=16 (ур 20) 


~. Required equation : x? — (2) x + 16—0 
(10) Let z x + iy 
х+у+ок+у-1|+21=0 


э xead(x- D^ +y? +Ку+2)=0+0ї 


—yt2-0and x-oq(x-1y +y 


(a) 
(нв нийл 


T, x i =560 


4 

‘Total number of ways = 1625 

(b) CBC, + 25€, - 3.56, +... 15.501) 
„(МС МС EL MOL 


is 
= Yay BC MC. 
rl 
Me, He 4с, 
- ўе 1715. HC. (+21314 


-4c )+213- 


(d) ee remet o rictu gear 


Now? -9r49-02 1-1,8 


cot? 


zx =1,8 > coPx=0,3 
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66. 


67. 


2sinx в. ©) 
(5) B and C will contain three digit numbers 
of the form 9k + 2 and 9k + / respectively. We 
need to find sum of all elements in the set B U 
C effectively. 
Now, S (B o C) = SB) + SC) - S(B ^ C) 
where S(4) denotes sum of elements of set k. 
Also B= (101, 110, ......992] 
2. S(B)= m (101 +992) = 54650 
Сазе-1:1Г/=2 
then BO СВ 
< S B U C) = 5(В) 
which is not possible as given sum is 
274 х 400 = 109600. 
Сазс-Ц: If ( #2 
then B C=o 
^ S (B U C) = S(B) + C) = 400 x 274 
10 
= 54650 + 3 9Е+/ =109600 
kall 
110 110 б @) 
— 9 k+ Y t-54950 
ken kell 
> (2a 1 ШОО = 54950 
=> 54450 + 100/ — 54950 
=(=5 
(d) Let the line be y= mx + c 
intercept : -Z 
x-intercept : ——- 
y-intercept : c 
A.M. of reciprocals of the intercepts : 
m 1 
ue od 
c cl ей 
5 == 220-m-ec 
70. @) 


y-mx*2(1-m)-c 
=> (vy —2)—m(x—2)=0 
= line always passes through (2, 2 


= Locus of (h, k) i 
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42 2h-a 
а? а 


эу- җ(х-®) 
2 


Its directrix is xf -2 эх=0 


2 


Мар; 


Given that x + 2 - 2x 6у+6=0 
center (1, 3) and radius = 2 

Distance between (1, 3) and (2, 1) is V5 
2 (35)? + (2)? =? 


51-3 
1 Baf i 
in 3 (=) 


К z m 
= lim tan] Yt "(m ) 
БЕН zb ап (теңе) 


E 
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71. 


72. 


73. 


74. 


(d) 


© 
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«| Him Уан) e] 
im 
- 21 lim СЕ) 
Es 4 
= ш(х) =1 
4 
(An (4— B) — B 


=(Aa(-AvB)) эВ 
=(AA~A) Vv (AAB) 2 B 


=(4лВ) э В 
=~(AAB)vB 

- Av - B) vB 
=f 

2х-1 

9)-286)-1- Е 
few) = 280) - 1 (= 5) 1 
тай lap d 

x-l xl 


Range of f(g(x)) = R — {1} 

Range of f(g) is not onto 

& f(g(x)) is one-one 

So, f(g(x)) is one-one but not onto. 


a b ca d g 


(540)|d e f|b e h 


(d) 


gh ille f i 
гэм26Ё-26/2-6412-8-7 
Сазе-1: Seven (15) and two (05) 

3! _36 

7121 
Case-II: One (2) and three (15) and five (05) 
9! 


513! 

2. Total = 540 
3 -2 -kK| 

А=|2 4 
1 2 -1 


224*20)-K(8)-0— k-3 
10 -2 -3 


A-|6 -4 -2 
5m 2 -1 


=10 (8) -2 © 10m +6) —3(12 + 20m) 
=8(4— 5m) 


15. 


76. 


т. 


з 10 -3 

2 6 -2 

1 5m -I 
=3 (6 + 10m) — 10(0)— 3(10m — 6) 
-0 

3 -2 10 
д-р 4 6 

1 2 Sm 


=3 C 20m — 12) - 2 6 — 10m) + 10(8) 
=~ 40m «32 - 8(4— 5m) 
For inconsistent, 
k-3& giu d 
5 


(17) Given that 
РО=Ы 
РО e 


= |Р| = 2k 0 = P is an invertible matrix 


УРО-Ы 
2 Q-kPAT |-РЭР-1| 


8099 ka 
2 8 


д JPI- 2k Е=10+6@ d) 
Put value of k in (i)... we get a ——1 
2o - 116-17. 


(с) Forx-mneZ 
LHL- lim f()- Jim х-Цөо(2575)-0 


элу, E 
2 


RHL- lim f(x)- lim p-nes( 
xn хп 
Јо) -0 
= LHL-RHL- f(n) 
— f(s) is continuous for every real x. 


s d 
(a) Slope of tangent at P(t, 7) = 2] 
санан 2372 
= (322): 30 
So, equation tangent at P(r, ?) : 
у-8-38(-0) 


For point of intersection with y — x? 
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78. 


79. 


80. 


(a) 


(9) 


(о) 


-P= 30х38 


= (xf) (x? +a + у= 3P- n 
Forxsf 


tart 
тэх + xt-27F=0 > (x-i) (+20) = 0 
So, for Q : x=- 21, Q (- 21, - 8P) 
ordinate of required point : 
20- à 
-2t 
2+1 
Given that 
СН 
fe) = 2232 -2sinx+ 2x- cosx 


Го) = (2х2 - x) - 2 cos x +2 cos x 
-sinxQx- 1) 

= Qx- 1) (x sinx) 

For x>0,x—sinx>0 
x<0,x—sinx<0 


For хеч]. a), fz20 
For 2 sree 


— f(x) increases in "ud 


1 


Let - 
efe шах 50 
979-05 sinx - 2/5 
/ | 2 

Oa ас Т-2/3- 
Го) > 00 
f(x) is continuous function 

85 
jesse, 

VB =sin 2x 


cos x —sinx 


J Уз - Gin x-- cosx)? 


Letsinx + cosx=t 


dx 


fed 
=sm —tc 
3 


2021-23 
E 
| sna 
Sl. (a) dim © Jim {i002 
m s Зу 
- lim 
хәо* 


80. @) We have, 


ic везана vafo 2)dc-22 


-а 


> х2 - 206 +25 +х®-2х[@=22 
— a1 2a 4+ а2 22а - (4-4) = 22 
=> 2 =18 a73 


3 
d J (r+ bode =-(-3-2-141+2)=3 
3 


Required area 


3 6 
nx (6 -2| /9хас-2| V36—x7 dx 
0 3 


: s 
= 362-1243 - secs заваа? ij 


d 
- сааса м-28| 


= 24n-3V3 
84. (d) Given that z =0.5P— 450 
ita li 
Р-900 12 


, 
= [én| PQ)-900]f, = А 
1 


= 01Р()-900| -ên | (0) -900] = i 
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85. 


86. 


87. 


88. 


=> fn|P(r) -900|—£n|50] = 


For P() =0 
£, 


t 
2 


Ц 
=> n 2 


== 26018 
Let ё= МБ х(@хБ)) 
= М(Б.Б)а- (Б.й)Б) 


(75) 


= М5(—ї+]+Ё)+2ї+Ё) 

= AC3Í «5j +6k) 

ёй=7= 315446157 
1 


her 
2 


4 


2 


ЫЕ 


eai (н) 


)+25+50=75 


So, direction ratios of normal to the required 


plane are < 11, 1, 17> 
Plane passes through (1, 2, — 3) 

So, equation of plane : 
1(х-1)+1(у—2)+17(:+3)=0 
> llx+y+172+38=0 


>x 
For point of intersection with x+y +2 = 17 
3tt+2t+4+2t+5=17 


3+1у=21+4,2=21+ 5 


-5t-521:-1 
— Point of intersection is (4, 6, 7) 
Distance between (1, 1 d (4, 6, 7) is 


V(4-1)? «(6-Dn +(7 
- 4942544 = V38. 


(a) <) <) "0", 


89. 


90. 
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=п=5 
Probability of getting an odd number for 


odd number of times is 


(6 


(b) 


(MY ss (1g (y 
зо || с, | +5c,{ = 
(3) 49) (3) 


1 
541041) = = 
( ) D 


m 
Е 
Let P(B,) = ру. Р(В,) = p, P(B;) = p 
given that p, (1—р,)(1-р)у=в — ..() 
р, (1-р) (1-р) В Е 

р; (1-р) (1-р) =Y 


and(l-p)(l-p)(l-p)-p -~ (iv) 

пФ а Р т 
1-р р 1-р р 1-р Р 
d АЖЕ. И 

Also В Wezp p-2y 


= ар-2аү=3аү + 6py 
= ap- 6py - Say 


P бра | SPP 
1-р, 1-р; Q-pXl-p) 
—p-6p-0 
э #=6 
Рз 


In right angle АВС 
and right ACDE 


h 
tan = 75 and cot (90 —0) 


75 
вав 


PHYSICS 


(^ 


Р 


Units and 


| Physical World, 


Measurements АР 


Identify the pair whose dimensions are equal 
12002] 

(a) torqueand work (b) stress and energy 

(c) force and stress (d) forceand work 


Dimensions of ——, where symbols have their 
обо 

usual meaning, аге 12003] 

(а) [LT] (b) [L?T7] 

() [LT] @) [LT] 


The physical quantities not having same 
dimensions are [2003] 
(a) torqueand work 

(b) momentum and planck's constant. 

(c) stress and young's modulus 

(d) speed and (ив) '? 

Which one of the following represents the 
correct dimensions of the coefficient of 


viscosity? [2004] 
(а) [MLT] (b) [MLT] 
(ә [ML'T?7] (d) [ML?T?] 


Out ofthe following pair, which one does NOT 

have identical dimensions? 12005] 

(а) Impulseand momentum. 

(b) Angular momentum and planck's constant 

(c) Workand torque 

(d) Moment of inertia and moment of a force 

The dimensions of magnetic field in M, L, T and 

C (coulomb) is given аз 12008] 

(а) [MLT'C] (b MTC? 

() мтс] (4) [MT?C] 

А body of mass m = 3.513 kg is moving along 

the x-axis with a speed of 5.00 ms™'. The 

magnitude of its momentum is recorded as 
12008] 

(b) 17.565 kg ms? 

(9) 17.57 ко ms” 


(а) 
(© 


176kg ms? 
17.56 Кв ms! 


8. 


10. 


PD 


Two full turns of the circular scale of a screw 
gauge cover a distance of I mm on its main scale. 
The total number of divisions on the circular 
scale is 50. Further, it is found that the screw 
gauge has a zero error of — 0.03 mm. While 
measuring the diameter ofa thin wire, a student 
notes the main scale reading of 3 mm and the 
number of circular scale divisions in line with 
the main scale as 35. The diameter of the wire is 
12008] 
(à) 332mm (b) 373mm 
(с) 367mm (d) 338mm 
In an experiment the angles are required to be 
measured using an instrument, 29 divisions of 
the main scale exactly coincide with the 30 
divisions of the vernier scale. If the smallest 
division of the main scale is half- a degree 
(= 0.5°), then the least count ofthe instrument is: 
12009] 
(a) halfminute (b) one degree 
(c) halfdegree (d) oneminute 
The respective number of significant figures for 
the numbers 23.023, 0.0003 and 2.1 х 10 are 
12010] 


(а) 5,1,2 (b) 5,1,5 

(с) 5,5,2 (d) 44,2 

А screw gauge gives ће following reading when 
used to measure the diameter оГа wire. 

Main scale reading : 0 mm 

Circular scale reading : 52 divisions 

Given that Imm on main scale corresponds to 


100 divisions ofthe circular scale. The diameter 


of wire from the above data is on 
(а) 0052ст (b) 0026cm 
(c) 0.005cm (d) 0,52ст 


12. 


13. 


15. 


16. 


17. 
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Resistance of a given wire is obtained by 
measuring the current flowing in it and the 
voltage difference applied across it. If the 
percentage errors in the measurement of the 
current and the voltage difference are 3% each, 
then error in the value of resistance of the wire 
is 12012] 
(a) 6% (b) zero (с) 1% (d) 3% 

A spectrometer gives the following reading when 
used to measure the angle оГа prism. 

Main scale reading : 58.5 degree 

Vernier scale reading : 09 divisions 

Given that 1 division on main scale corresponds 
to0.5 degree. Total divisions on the Vernier scale 
is 30 and match with 29 divisions of the main 
scale. The angle of the prism from the above 
data is 12012] 
(а) 58.59degree (b) 58.77 degree 

(c) 58.65degree (d) 59 degree 

Let [e,] denote the dimensional formula of the 
permittivity of vacuum. If M = mass, L= length, 
T- timeand А = electric current, then: [2013] 
(а) e -[M'L?T^A] 


(b e,=[M L? T* A?] 
(c) M! L? T! А2] 
(d) [M L? T! AT 


The current voltage relation ofa diode is given 
by T= (e! 9T — 1)mA, where the applied voltage 
V is in volts and the temperature T is in degree 
kelvin, Ifa student makes an error measuring 
5.01 V while measuring the current of 5 mA at 
300 K, what will be the error in the value of 


current in mA? [2014] 
(8) О2тА (b) 002 тА 
(c) О.5тА (d) 0.05 тА 


А student measured the length of a rod and 

wrote itas 3,50 cm. Which instrument did heuse 

to measure it? [2014] 

(а) A meter scale, 

(b) A vernier calliper where the 10 divisions in 
vernier scale matches with 9 division in main 
scaleand main scale has 10 divisionsin 1 cm. 

(c) А screw gauge having 100 divisions in the 
circular scale and pitch as 1 mm. 

(d) A screw gauge having 50 divisions in the 
circular scale and pitch as 1 mm. 

The period of oscillation of a simple pendulum 


is T = 2л, . Measured value of L is 20.0 cm 


8 
known to 1 mm accuracy and time for 100 
oscillations of the pendulum is found to be 90 s 


19. 


20. 


21. 


22. 


23. 


Physics 


using a wrist watch of 18 resolution. The 
accuracy in the determination of gis: [2015] 
(a) 1% (b) 5% (c) 2% (d) 3% 

A student measures the time period of 100 
oscillations ofa simple pendulum four times. The 
data set is 905,91 s, 955, and92 s, Ifthe minimum 
division in the measuring clock is 
1 s, then the reported mean time should be: 

(a) 92185 (b) 92+3s [2016] 
(с) 925158 (4) 9245.0s 

A screw gauge with a pitch of 0.5 mm and a 
circular scale with 50 divisions is used to 
measure the thickness of a thin sheet of 
Aluminium, Before starting the measurement, it 
is found that wen the two jaws of the screw 
gauge are brought in contact, the 45" division 
coincides with the main scale line and the zero 
of the main scale is barely visible. What is the 
thickness of the sheet if the main scale reading 
is 0,5 mm and the 25th division coincides with 


the main scale line? 12016] 
(а) 070mm (b) 050mm 
(с) 075mm (d) 080mm 


The following observations were taken for 
determining surface tensiton T of water by 
capillary method : 

Diameter of capilary, D= 1.25 х 102m 

rise of water, 1.45 х 10? m. 

Using g = 9.80 m/s? and the simplified relation 
rhg 
2 


Т = — x10 Nim, the possible error in surface 


tension is closest to : [2017] 
(а) 2.4% (b) 10% (с) 01590(4) 15% 
The density of a material in the shape ofa cube 
is determined by measuring three sides of the 
cube and its mass. If the relative errors in 
measuring the mass and length are respectively 
1.5% and 1%, the maximum error in determining 
the density is: [2018] 
(8) 25% (5) 35% (c) 45% (d) 6% 
In the density measurement ofa cube, the mass 
and edge length are measured as (10.00 + 0.10) 
kg and (0.10 + 0.01) m, respectively. The error in 
the measurement of density is: [2019] 
(а) 0.01 kg/m? (b) 0.10 kg/m? 

(с) 0.31 kg/m? (4) 0.07 kg/m? 


The dimensions of Ž— , where B is magnetic 
field and py is the rhdgnetic permeability of 


vacuum, is: 12020] 
(à MLT? (b мт! 
© MET? (d) ML'T? 
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Answer Key 


1. (а) Work W=F 7. (а) Momentum, р=тху 


1.8 - ABcos0 Given, mass ofa body-— 3.513 kg speed of 
MLT 2L] - [MLT]; 
Torque, 22; xF -—:-rFsinÜ = 17.6 (Rounding off) 
Дх =ABsind 8. (d) Leastcount of screw gauge = 0.01 mm 
= 0.5 
Ч p 8 “=~ mm 
2. (с) As we know, the velocity of light in free 50 
space is given by Reading = [M.S.R.+C.S.R. x L.C.] - (zero 
error) 


цан) =[3 +35 x 0.01]—(-0.03)=3.38mm 
i 9. (d) 30 Divisions of V.S. coincide with 29 
LI = Cms? divisions ofM.S. 


<. 1VS.D 


M" 
3. () Momentum, 
Planck's constant, 


30 MSD 


LC.-1MSD-1VSD 


E 
h-— - s 
h=- 1MSD - зу MSD 
сз i 
-MT al = —MSD 
1771] 30 
= [MLT] 1 
4. (а) According to, Stokes law, = зул 0591 minute. 


Е= бту = n= 


10. (a) Number of significant figuresin 23. 


NE Number of significant figures in 0.000. 
MLT? ignificantf 3-2 
_ (MT 1 элиг! Namberofsignificantfiguresin 2.1 «103-2 
Шт 1] So, the radiation belongs to X-rays part of 
& (d) Moment of Inertia, /= MR? the spectrum. 
[= [ML] 1 
Modient df foros: 11. (а) Least count, L.C.= туулна 
+= Шміт Diameter of wire MSR + CSR х L.C. 
6. (c) Magnitude of Lorentz formula ^ qvB sin Ө ч Lmm=0.1 em 
F мт? ai 1 
=" = -[ur lc] =0+ тос х 5270.52 mm -0.052cm 


qv CxLT- 100 


12. 


14. 


18. 


16. 


17. 
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Physics 


(a) According to ohm's law, V — IR. 
m 
ва 


1 
Absolute error 2 
2. Percentage error = 5 — — —xl0 
Measurement 
where, т Sr = Ахи = 3% 
= 10-57 Е 
then, ^, AR, x La 


=3% +3% =6% 
(c) “2 Reading of Vernier= M.S.R. 
+VSR. x L.C. 
MS.R.=58.5 
VS.R. - 09 division 
L.C. of Vernier =0.5°/30 


0.5 
Thus, R2 58599 
R=58.65° 
1 аа 


b) Asweknow, F= 1 
n 


1 
= [M7 L T*A?] 
(8) The current voltage relation of diode is 
1=(e VT 


When, 7 = 5m4, 21909 VT бта 


-1) mA (given) 


Also, dI = (e 99 V/T) —_ 


Error= +0.01 ^» diam function) 


= (6nd) x (0.01) =02тА 


(b) Measured length огой = 3.50 em 
For Vernier Scale with Main Scale Division 
=Imm 
9 Main Scale Division = 10 Vernier Scale 
Division, 

Least соим = 1 MSD-1 VSD=0.1 mm 


xc 
2) A т, 


So, 200-22, 1004257. T 190 
8 


0.1 r 
= By *100+ 2x5 100 2272 = 3% 


18. 


19. 


20. 


21. 


22. 


23. 


(е) 


(а) 


(d 


100x 


© 


LAT |+| AT, |+| AT; |+ | AT] 
4 


АТ= 


_2+1+3+0 ET 


4 
As the resolution of measuring clock is 
1.5 therefore the mean time should be 92 
£15 


LC. 70.01 mm 
Zero error = 5 х 0.01 = 0.05 mm 
(Negative) 


Reading = (0.5 + 25 х 0.01) 0.05 = 0.80 
mm 


Surface tension, T = E. 10° 
Relative error in surface tension, 
АГ ЦАГ, Ah 
T r h 
Percentage error 
AT (102 х0.01 
T gi 125x107 
= (0.8 + 0.689) 
= (1489) = 1.489% = 1.5% 
Mass(M) M 


Volume(V) 13 


Ad _ AM 34L 


d'M'L 
— 1.5% +3(1%)=4.5% 


+0 


102 x 0.01) 
SGT | 
1.45 х107 


Density (d) 


7. Error in density, —— 


26 5M AE 
d M 

_ 010 
1000) 031kgm? 

The quantity s the energy density 


2н 

of magnetic field. 
B? | Energy _ Force displacement 
210 


Volume (displacement)? 


Ї мг\!т? 


Lal 


Ld 
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Motion in a 
Straight Line 


If a body looses half of its velocity on 
penetrating 3 ст in a wooden block, then how 
much will it penetrate more before coming to 
rest? 12002] 
(a) lem (b) 2ст (c) 3cm (d) 4cm. 

Speeds of two identical cars are и and 4u at the 
specific instant. The ratio of the respective 
distances in which the two cars are stopped from 
that instant is [2002] 
(а) 1:1 (b) 1:4 (с) 1:8 (d) 1:16 

From a building two balls А and В are thrown 
such that A is thrown upwards and В downwards 
(both vertically). If v апа vp are their respective 
velocities on reaching the ground, then [2002] 
(а) vg? v, (0877 

(с) v4> vg 

(d) their velocities depend on their masses. 

A car, moving with a speed of 50 km/hr, can be 
stopped by brakes after at least 6 m. If the same 
car is movingata speed of 100 km/hr, theminimum 
stopping distance is 12003] 
(a) 12т (b) 18ш (c) 24m (d) бт 

A ball is released from the top of a tower of 
height h meters. It takes 7 seconds to reach the 


T 
ground, What is the position of the ball at — 
second 12004] 


8i 
(a) T meters from the ground 


7h 


-g meters from the ground 


(b) 


h 
(с) g meters from the ground 


52 


An automobile travelling with a speed of 60 
km/h, can brake to stop within a distance of 
20m. If the car is going twice as fast i.e., 120 
km/h, the stopping distance willbe [2004] 
(a) 60 т (b) 40 т (c) 20m (d) 80m 

A car, starting from rest, accelerates at the rate 
fihrough a distance S, then continues at constant 
speed for time t and then decelerates at the rate 

f 


= to come to rest. If the total distance 


17h 
(d) Jd meters from the ground 


traversed is 15 5, then 12005] 
ПИГ 
=? b) S=ft 
3 (b) E 
2 2 
un =" 
ru @ s= 557 


is moving eastwards with a velocity 
of 5 ms~!, In 10 seconds the velocity changes 
to 5 ms northwards. The average acceleration 
in this time is 12005] 


b og 

(a) Qm 7 towards north 

(b) qz towards north-east 
2 


(с) zw towards north-west 

(d) zero 

The relation between time t and distance x is 
t= ax? + bx where a and b are constants. The 
acceleration is 12005] 
(а) 263 
(c) 2a? 


(b) abv? 
(d) —2av3 


Р-6 


п. 


13. 
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A particle located at x = 
movingalong with the positive x-direction with 
a velocity 'v' that varies as v= ovx. The 
displacement of the particle varies with time as 


0 at time ¢ = 0, starts 


D? @ p 


@ D br (с) 
The velocity ofa particle is v 
position is x = 0 at / = 0, then its displacement 
after unit time (¢= 1) is 12007] 
(а) vytg/2*f (b) v*2g*3f 

(с) vy*g/27/3 (4) vtgtf 

A body is at rest at x = 0. At ¢= 0, it starts 
moving in the positive x-direction with a 
constant acceleration. At the same instant 
another body passes through x — 0 moving in 
the positive x-direction with a constant speed. 
The position of the first body is given by x,(7) 
after time *£^; and that of the second body by 
ху) after the same time interval. Which of the 
following graphs correctly describes (хү — x3) 
as a function of time 977) 12008] 


227) [E 


Consider a rubber ball freely falling from a 
height й = 4.9 m onto a horizontal elastic plate. 
Assume that the duration of collision is 
negligible and the collision with the plate is 
totally elastic. 

Then the velocity as a function of time and the 
heightasafunctionoftimewillbe: [2009] 


14. 
15. 


16. 


үүл. = 
“Түүх, 


Physics 


(c) 9 Z7 \хд>' 


@ | \ ча 


An object, moving with а speed of 6.25 m/s, is 
2.5 v 


where v is the instantaneous speed. The time 
taken by the object, to come to rest, would be: 
12011] 
(а) 2з (b) 4з (c) 8з (d) 15 
From a tower of height Н, a particle is thrown 
vertically upwards with a speed u. The time taken 
by the particle, to hit the ground, is n times that 
taken by it to reach the highest point of its path. 
The relation between H, u and n is: [2014] 
(a) 2gH (b) gH -(n-2)? wd 
(c) 2gH = n? (n-2)(d) gH=(n—2)u? 
A body is thrown vertically upwards. Which one 
of the following graphs correctly represent the 
velocity vs time? [2017] 


dv 
decelerated at a rate given by 77 


22 
n?u? 


И <> Ё <> 
| y 
5 € 

<> <> 


юэ 
> > 

All the graphs below аге intended to represent 

the same motion. One of them does it 


incorrectly. Pick it up. 12018] 


distance 


velocity 
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Motion in a Straight Line 
velocity 4 km/h. What should be the direction of the 


ү swimmer with respect to the flow of the river 
(e) des (d) time to cross the river straight? 12019] 
(а) 90° (b) 150° (c) 120° (d) 60° 


18. The stream of a river is flowing with a speed 
of 2 km/h. A swimmer can swim at a speed of 


Answer Key 


cC Solutions 25 


1l. (a) In first case = 44u}? = 2-а) 
ширу 2.5 73 em a, =? P 
2 й 
Using vf -uf = 25) i) 
2 
(3) -0 =2xax3 s 
5 : s2 2a 8u 
=> a= 3. (b) Ball Aisthrownupwards with | 4" 


velocity и from the building. 
During its downward journey 
when it comes back to the 
point of throw, its speed is 
equal to the speed of throw 
4-0 = 2a х5) 00) (и). So, for the journey of both the balls 
from point A to В. 

We can apply v? — u? = 2gh. 

As u, g, h are same for both the balls, 


In second case: Assuming the same 


retardation 1 


иу=и? у» 


= зул ст v, 
For first car 4. (с) Fir first case : Initial velocity, 
u =u, vi 70a] 7-8 


2. (d 


5 
z 5 и = 50 х —m/s, 
vp -u = ays, 18 
2as, v=0,s=6m,a=a 
s, 
1 


As 
=> 
=> 


> — E 
2a 

For second car 
4u, 


WWW.JEEBOOKS.IN 


Physics 


(d 


_ 250x250 


324x2x6 
Case-2 : Initial velocity, и = 100 km/hr 


a= 


x 


= -16 ms, 


5 
= 100х — m/sec 
х 18 m/sec 


v=0,s 
As у? — и? = 2as 


a=a 


2as 


> 0 (1005.5, 
18 


5 2 
> o =2х(16)х5 
18 


500 х 500 
324x32 


=24m 

dics 

Wehave s cute gr^. 

1 ло 

э h=0xT+ 5g 
= lor? 

> h= 78 


T4 
Vertical distance moved in time 35 is 


2 
| тос 
3: 


-. Position of ball from ground i-i 


In first case speed, 


m. m = avs 
18 8: 


а= 20m, 

Let retardation be a then 

(0)? — 12 = 2ad 

340) 


5 
In second case speed, w = 1207. 


= ns 
3 


and (0)? =u’? 
or w? = 2а? 
(ii) divided by (i) gives, 


-2аа! 


ii) 


7. 


(9) 


-T> d'=4x20=80m 
Let car starts from A from rest and moves 
up to point В with acceleration /. 
l2 
Distance, AB = $= — fh? 
Distance, BC = (fr) 


(my 
a 2(f /2) 


ау В С gj; D 


п i 2n 


Distance, CD = =fr,2-28 


155 
Total distance, 4D — AB + BC+ CD = 155 
D- 5+ВС+25 
=> 5+711+25=155 


=> /м=12$ 40) 


Gi) 


1.2 
zt 
2/ f 


Dividing (i) by (ii), we get л = t 


Initial velocity, v; 


Final velocity, v; 
Change in velocity Av = (v5 у) 
= yv? +0 + 205 cos90 

= 45245240 = Sms 


Motion in a Straight Line 


10. 


(4) 


(a) 
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[Аз | м |= 195 |= 5 m/s] 


which means 0 is in the second quadrant. 
(towards north-west) 

Given, t = ax? + by: 

Diff. with respect to time (7) 


dy = af?) 40% зазх вх. 
dt dt а а 


= 2аху + by = v(2ax + Б)(у = velocity) 
dart b= +, 
v 


Again differentiating, we get 


а 0-10 
а v? dt 


Integrating both sides, 
x n x 
dy ян 
Toa — | -арр 
аж, | т 
а 2 


= Wr = at cu 


We know that, у= 4 
а 
=> de=vdt 


rod 
Integrating, | d = [vat 
0 0 


‚ 
or х= fie gre fat 
0 


12. (5) 


13. 


P-9 


ü 
dic Eu 
2 


3 


gif 
Att=l, х= 4L. 
t Kaw tots 


For the body starting from rest, 
distance travelled (xj) is given by 


1 
ху=0+ lad 
Ч 2 

> 

ч, 


v/a 
Т 


t 


For the body moving with constant speed 


ху=м 


This equation їз of parabola. 
y 
For £< =; the slope is negative 
a 
» 
For £= — ; the slope is zero 
a 


For t >” ; the slope is positive 

These characteristics are represented by 
graph (b). 

For downward motion у= gt 

The velocity of the rubber ball increases 
in downward direction and we get a straight 
line between v and f with a negative slope. 


1 2 
Also applying y- yo = “f+ аг” 


йыла лу ae 
We get y-h=— y= 738 


Р-10 


14. 


WWW.JEEBOOKS.IN 


(a) 


The graph between y and г is a parabola 
with у = hat £ = 0. As time increases у 
decreases. 

For upward motion. 

The ball suffer elastic collision with the 
horizontal elastic plate therefore the 
direction of velocity is reversed and the 
magnitude remains the same. 

Here v = u — gt where u is the velocity 
just after collision. 

As t increases, v decreases. We get a 
straight line between v and z with negative 
slope. 


12 
Also у= ut -——gt^ 
so ) ;? 


All these characteristics are represented 
by graph (b). 


ENEENM 


Given, 


dt 


dv 
EET 2.5 dt 


Integrating, 


=> -2(625)^ =~ 2.5t 
5 -2х25 
=—2 4 
=> 1=05, 
Speed оп reaching ground 


v= qu? +2gh 


Now, v= u аг 


э yur +2gh =-u+ gt 


Time taken to reach highest point is 
и 


Н 


t 


16. 


17. 


18. 


Physics 


(from question) 


=> 2gH = п(п 2j}? 
(a) For a body thrown vertically upwards 
acceleration remains constant (а = — g) 
and velocity at anytime / is given by 
V=u-gt 
During rise velocity decreases linearly 
and during fall velocity increases linearly 
and direction is opposite to each other. 
Hence graph (a) correctly depicts 
velocity versus time. 
Graphs in option (c) position-time and 
option (a) velocity-position are 
corresponding to velocity-time graph 
option (d) and its distance-time graph is 
as given below. Hence distance-time graph 
option (b) is incorrect. 
distance 


(b) 


time 


(c) To cross the river straight 


V,sin0 = V, 


5 0=30° 
Direction of swimmer with respect to flow 
= 90° + 30° = 120° 


WWW.JEEBOOKS.IN 


Motion in a Plane 


A boyplaying on theroof ofa 10 m high building 
throws ball with a speed of 10m/s at an angle 
of 30° with the horizontal. How far from the 
throwing point will the ball be at the height of 10 


ш from the ground? [2003] 
: 1 3 

Lg 7 10m/s", sin30" = =, cos30° -£1 

(а) 520m (b) 433m 

(c) 2.60m (d) 866m 


The co-ordinates of a moving particle at any 
time ‘are given by x = a and y = BP. The 
speed of the particle at time ‘f is given by 


12003] 
G) 3a +p? (6) з? ya? +p? 
(с) P arp? 


@ Ja? +p? 


A projectile can have the same range ‘R’ for two 
angles of projection. 1857,” and ‘T,’ to be time of 
flights in the two cases, then the product of the 
two time of flights is directly proportional to. 
[2004] 


ал wt © Ра (4) R 

Which ofthe following statements is FALSE for 

a particle moving in a circle with a constant 

angular speed ? [20041 

(8) Theacceleration vector points to the centre 
ofthe circle 

(b) The acceleration vector is tangent to the 
circle 


7. 


2 


(c) The velocity vector is tangent to the circle 

(d) The velocity and acceleration vectors are 
perpendicular to cach other. 

A ball is thrown from a point with а speed 'vy' at 

an elevation angle of Ө. From the same point 

and at the same instant, a person starts running 


n 


0_ to catch the ball. 


with а constant speed 


2 


Will the person be able to catch the ball? If yes, 
what should be the angle of projection 022004] 


(a) No (b) Yes,30* 
(c) Үеѕ,60° (d) Yes,45* 
A particle has an initial velocity of 3j +4] and 
an acceleration of 0.47 -- 0.37. Its speed after 


l0sis: 12009] 


(а) 742 units (b) 7units 


(c) 8.5 units (4) 
A particle is moving with velocity ў = k()i +2). 
where k is a constant. The general equation for 
its path is 


10 units 


12010] 
2 + constant 
х + constant 
(c) ху constant 
(d) » 2 + constant 
A point P moves in counter-clockwise direction 
оп а circular path as shown in the figure. The 
movement of 'P' is such that it sweeps out a 
length s = P + 5, where s is in metres and ris in 
seconds, The radius of the path is 20 m. The 
acceleration of"P' when / = 25 is nearly. [2010] 


P-12 


10. 


п. 


12, 
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Physics 
(а) у=х-5х? (b) у=2х-5х? 
T (с) 4py-2x-532 — (d) 4y-2x-252 
13. Two stones are thrown up simultaneously from 
B the edge ofa cliff240 m high with initial speed of 
Р(х,у) 10 m/s and 40 m/s respectively. Which of the 
following graph best represents the time 
variation of relative position of the second stone 
with respect to the first? [2015] 
Я (Assume stones do not rebound after hitting 
[9] а the ground and neglect air resistance, take 
23 РҮ. g=10m/s?) 
(ше. (5) Тә (The figures are зо а ЙМ not drawn to 
(с) 7.2ms? (d) 14085 scale) 
For a particle in uniform circular motion, the 4 
acceleration д ata point P(R,0) on the circle of 
radius R is (Here 0 is measured from the x-axis) (a) 240) 
12010] 
y sow А 
a) ———cos0 /4-7--ын / 
(a) R R 7 
Га уг 4 
(b) ——sin8 7+—созӨ] 
R R (b) 
/? 
"HEAT 
© 080 і -sinO ) 
42 
4) Ti+ tj 
(d) Rit Re 
A water fountain on the ground sprinkles water © 
all around it. If the speed of water coming out of 
the fountain is у, the total area around the 
fountain that gets wet is : [2011] 
(a) (b) 
(уэ-уш 
© @ т @ 240] 
A boy can throw a stone up to a maximum height 
of 10 m. The maximum horizontal distance that 
the boy can throw the same stone up to will be Liis) 
12012] 12 
(à) 2042m (b) 10m 14. A particle is moving with a velocity i =K(v? + 
(c) 10/2 т (d) 20m xj), where K is a constant. The general 


A projectile is given an initial velocity of 
(1. 2) m/s, where is along the ground and 


J is along the vertical. If g = 10 m/s?, the 
equation of its trajectory is : 12013] 


equation for its path is: 


х2 + constant (b) y? 
х? + constant(d) xy 


@) у + constant 


'onstant 
12019] 


Motion in a Plane 
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Answer Key 


@) 


b) 


@) 


0 


© 


@) 


cC Solutions 


Horizontal range is required 


2 n2 ? sin(2 x 30* 
и? sin 20 _ (10)? sinQx30) . 


g 10 
= 8.66 т 
Coordinates of moving particle at time ‘? 
are 
x— af? and y = B^ 


dx 2 dy 
v, 2 — -3at^ and v, == -3fr 
3287 and уу = bi 


‚ у= d ty? = oat +98% 
=з? Ja? +p 


A projectile have same range for two angle 
Let one angle be 0, then other is 90° — 0 


21819 
ОШ. 


| 2исоз@ 
g 
ди? sinOcos0 _ 


1 


then, 7,7; = 2R 


Thus, it is proportional to R. (Range) 
Only option (b) is false since acceleration 
vector is always radial for uniform circular 
motion. 
Yes, Man will catch the ball, ifthe horizontal 
component of velocity becomes equal to 
the constant speed of man. 
Ї шуу cosü 
2 
or 0=60° 
Given =3ї +4}, á = 04i +0. 
From Ist equatoin of motion. 
v-u 
Ц 
у= ати 


а= 


(а) 


(a) 


= v= (04i «03j)x10« (3 - 47) 
=> 4ї+3]+3]+4] 


=> у= 7+7) 


h -0) 
Integrating equation (1) 


ра = [еа 


20m, f= 5 sec 


doa 
dt 
dv 
Linear acceleration a, = — = 6 
dt 


Centripetal acceleration a, = 


Att=2s, а=6х2 = 12 m/ 

9x16 

а, -——. 
5 20 

Resultant acceleration 


= ya al 


= (12)? +(7.2)> = 1445184 
= 3195.84 = 14 m/s? 


=72 mis? 


Р-13 
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9. (с) Acceleration, 
yt f 210 =u? =10g x2 
a= — towards the centre g 
а =-а„соз@(ї) -а„зїпӨ(ў) 
12. (b) From equation, 7-1--27 
эхэ! 340) 
4 ® 
ул2 002) 440) 


10. (à) Let total area around fountain 


А=лЁ х ~) 
2 sin90* 
Where Rmax = "ERE 
ii) 
20.12 2.2, 
п. @ ГЭВ: 8 yak sin” Ө 
28 
Нах tt 20 =90° 
H & u? 


From (i) and (ii), y= 2x- 5x? 
13. ( = 101-52; y, - 40r- 5? 
for урт 240m, /— 8s 

Уз-Уул 30t for t < 8s. 
for 1388, 


1 
=240-401- Sg? 


У; 


14. (c) From given equation, 


#=к(уї+хў) = kyi +haj VES] 


Integrating both sides we get y? =x? + c 


= 
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Laws of Motion 


Aliftis moving down with acceleration a. A man 
in the lift drops a ball inside the lift. The 
acceleration of the ball as observed by the man 
in the lif and a man standing stationary on ће 


ground are respectively 12002] 
@) gg b) g-a g-a 
() g-a g @ ag 


When forces F}, Fp, F; are acting on a particle 
of mass m such that F, and F} are mutually 
perpendicular, then the particle remains 
stationary. If the force F} is now removed then 
the acceleration of the particle is 12002] 
(а) F/m (b) FjF,/mP, 
(c) (F5-Fjym (d) Р/т. 
The minimum velocity (in тг!) with which a саг 
driver must traverse a flat curve of radius 150 m 
and coefficient of friction 0.6 to avoid skidding is 
[2002] 
(а) 6 (b) 3 © I5 (d 25 
A solid sphere, a hollow sphere and a ring are 
released from top of an inclined plane 
(frictionless) so that they slide down the plane. 
Then maximum acceleration down the plane is 


for(no rolling) 12002] 
(а) solidsphere (b) hollow sphere 
(c) ring (d) allsame. 


Two forces are such that the sum of their 
magnitudes is 18 N and their resultant is 12 N 
which is perpendicular to the smaller force. Then 


the magnitudes of the forces аге 12002] 
(а) 12N,6N (b) I3N,SN 
(c) 10N,8N (d) 16N, 2N. 


ЭР, 


A light string passing over a smooth light pulley 
connects two blocks of masses тү and my 
(vertically). If the acceleration of the system is 
5/8, then the ratio of the massesis [2002] 
(a) 8:1 (5) 9:7 (с) 4:3 (d) 5:3. 

Three identical blocks of masses m = 2 kg are 
drawn by a force F= 10. 2 N with an acceleration 
ОҒО. 6 ms? ona frictionless surface, then what 
is the tension (in N) in the string between the 
blocks B and C? 12002] 


F 


@ 92 34 () 4 (d 98 
One end ofa massless rope, which passes over a 
massless and frictionless pulley P is tied to а hook 
C while the other end is free. Maximum tension 
that the rope can bear is 360 N. With what value 
of maximum safe acceleration (in ms?) can a man 
of 60 kg climb on the rope? 12002] 


(a) 16 (b) 6 (c) 4 (d) 8 

A spring balance is attached to the ceiling of a 
lift. A man hangs his bag on the spring and the 
spring reads 49 N, when the lift is stati 

the lift moves downward with an aci 
of 5n/s?, the reading of the spring balance will 
bc 12003] 
(a) AN (b) 4N (c) ISN (d) 49N 


Р-16 
10. 
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Three forces start acting simultaneously on a 
particle moving with velocity, v . These forces 
are represented in magnitude and direction by 
the three sides ofa triangle ABC. The particle 
will now move with velocity 12003] 


(a) 
(b) greaterthan у 
© fl 

the largest force BC 


less than y 


in the direction of 


A B 
(d) y „remaining unchanged 

A horizontal force of 10 N is necessary to just 
hold a block stationary against a wall. The 
coefficient of friction between the block and the. 
wall is 0.2. The weight ofthe block is [2003] 


(a) 20N 
(b) 50N 
(c) 100N 


(d) 2N f 
A marble block of mass 2 kg lying on ice when 
given a velocity of 6 m/s is stopped by friction 
in 10s. Then the coefficient of friction is 12003] 
(8) 002 (b) 003 (c) 004 (d) 0% 

A block of mass Mis pulled along a horizontal 
frictionless surface by a rope of mass m. If a 
force P is applied at the free end of the rope, ће 
force exerted by the rope on the block is[2003] 

2 


10N 


Pm Рт 
O Mem D P-n 

PM 
() P (d) Mm 


^ light spring balance hangs from the hook of 
the other light spring balance and a block of 
mass Mkg hangs from the former one. Then the 
true statement about the scale reading is [2003] 
(a) both the scales read M kg each 

(b) the scale ofthe lower one reads Mkg and 
of the upper one zero 

the reading of the two scales can be 
anything but the sum of the reading will be 
Mkg 

(d) both the scales read M/2 kg each 

A rocket with a lift-off mass 3.5 х 10% kg is 
blasted upwards with an initial acceleration of 
10m/s, Then the initial thrust of the blast is 
(а) 3.5% IN (b) 70х10°М [2003] 
(c) 140* 105 N (d) 1.75х105М№ 


© 


16. 


17. 


18. 


19, 


20. 


Physics 


Two masses m) = 5g and m; = 4.8 kg tied toa 
string are hanging over a light frictionless pulley. 
What is the acceleration of the masses when 


left free to move? (g = 9.8m/s?) [2004] 
(а) 582 


(b) 9.8 m/s? 
(с) 02m/s 
m, 

jg 
(d) 4.8m/s LS 
A block rests on a rough inclined plane making 
an angle of 30° with the horizontal. The 
coefficient of static friction between the block 
and the planc is 0.8. If thc frictional forcc on the 
block is 10N, the mass of the block (in kg) is 
(take g= 10 m/s?) [2004] 
(à 16 (b 40 (c) 20 (d) 25 
A smooth block is released at rest on а 45? incline 
and then slides a distance “7. The time taken to 
slide is ‘n’ times as much to slide on rough incline 
than on a smooth incline. The coefficient of 
friction is 12005] 


- b) n -1 
т ©) ш т 


© =, @ msi 
m n 


A parachutist after bailing out falls 50 m without 
friction. When parachute opens, it decelerates 
at 2 n/s?. He reaches the ground with a speed of 
3 m/s. At what height, did he bailout? [2005] 
(а) 182m (b) 91m (c) 11 (d) 293m 
An annular ring with inner and outer radii R} 
and А, is rolling without slipping with a uniform 
angular speed. The ratio of the forces 
experienced by the two particles situated on the 


1 
2 


А 
inner and outer parts ofthe ring, T is [2005] 


[RY Ry 
(a) (8) OR 
R 
© k (d) | 


Laws of Motion 


21. 


22. 


23. 


24. 


26. 


27. 
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The upper half of an inclined plane with 
inclination @ is perfectly smooth while the lower 
half is rough. A body starting from rest at the 
top will again come to rest at the bottom if the 
coefficient of friction for the lower half is given 


by 12005 
(а) 2cosó (b) 2sinà 
(с) зад (d) 2tanó 
A particle of mass 0.3 kg subject to a force 


F=- ky with k 
acceleration if it 


5N/m . What will be its initial 
leased from a point 20 cm 


away from the origin ? 12005] 
(a) 15т%? (b) 3 m/s? 
(с) 10 m/s? (d) 5 т? 


A block is kept on a frictionless inclined surface 
with angle of inclination “о”. The incline is given 
an acceleration ‘a’ to keep the block stationary. 
Then a is equal to 12005] 


(а) g cosec a (b) g/tana 

(с) gtana (d) g 

Considera car moving on a straight road with а 
speed of 100 m/s . The distance at which car сап 


be stopped is [ну = 0.5] 12005] 
(а) 1000m (b) 800m 
(с) 400m (d) 100m 


A ball of mass 0.2 kg is thrown vertically upwards 
byapplying a force by hand. If the hand moves 
02 m while applying the force and the ball goes 
upto 2 m height further, find the magnitude of 


the force. (Consider g= 10 m/s”). 12006] 
(a) 4N (b) 16N 
(c) 20N (d) 22N 


А player caught a cricket ball of mass 150 g 
movingata rate of 20 m/s. Ifthe catching process 
is completed in 0.15, the force of the blow exerted 
by the ball on the hand of the player is equal to 
[2006] 
(а) 150N (b) 3N 
(c) 30N (d) 300N 
A block of mass т is connected to another block 
of mass М by a spring (massless) of spring 
constant К. The block are kept on a smooth 
horizontal plane. Initially the blocksare at restand 
the spring is unstretched. Then a constant force F 


28. 


29. 


30. 


P-17 
starts acting on the block of mass Mto pull it. Find 
the force on the block of mass m. 12007] 

MF mF 
(B). rr 
(m+M) M 
o Qtr @ 5E 


m (m+ М) 
Twofixed frictionless inclined planes making an 
angle 30° and 60° with the vertical аге shown in 
the figure. Two blocks A and B are placed on the 
two planes. What is the relative vertical 
acceleration of A with respecttoB? [2010] 


(а) 4.9 ms? in horizontal direction 

(b) 9.8 ms? in vertical direction 

(c) Zero 

(d) 4.9 ms~ in vertical direction 

The minimum force required to start pushing a 
body up rough (frictional coefficient p) inclined 
plane is F while the minimum force needed to 


prevent it from sliding down is F). Ifthe inclined 
plane makes an angle0 from the horizontal such 


that tan Ө = 2p then the ratio Ё is [2011 RS] 


(а) 1 (5) 2 (c) 3 (d 4 
If a spring of stiffness Ч” is cut into parts “A” 
and *В` of length ( , 3, then the stiffness 


of spring *А` is given by [2011 RS] 
3k 2k 5k 
NES k @ = 
(a) 4 (b) (c) (d) 2 


A particle of mass m isat rest at the origin at time 
1—0. It is subjected toa force F(t) = Fye in the 
x direction. Its speed v(7) is depicted by which 
of the following curves? 12012] 


: b) 
И (b) 
= 


Р-18 
32. 


33. 
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Physics 


A mass ‘m’ is supported by a massless string 
wound around a uniform hollow cylinder of mass 
mand radius R. If the string does not slip on the 
cylinder, with what acceleration will the mass 


fall or release? [2014] 
2g 

а > 

wo = m 
5g 

© % 

(d g ü 


A block of mass m is placed on a surface with a 


vertical cross section given by у =>. If the 


6 


coefficient of friction is 0.5, the maximum height 
above the ground at which the block can be 


placed without slipping is: [2014] 
1 2 

а ет (b) ru 
im d im 

© 3 @ 2 


Given in the figure are two blocks A and B of 
weight 20 N and 100 N, respectively. These are 
being pressed against a wall by a force F as 
shown. If the coefficient of friction between the 
blocks is 0.1 and between block Band the wall is 
0.15, the frictional force applied by the wall on 
block B is: [2015] 


(а) 120N ©) 150N 
(c) 100N (d) вом 


35. 


36. 


37. 


Twomassesm, = 5 kg andm; = 10 kg, connected 
by an inextensible string over a frictionless 
pulley, are moving as shown in the figure. The 
coefficient of friction of horizontal surface is 0.15. 
The minimum weight m that should be put on 


top of m, to stop the motion is: 12018] 
m T 
m 
T 
mg 
(а) 183kg (b) 273kg 
(с) 433kg (d) 103kg 


A block of mass 10 kg iskept on a rough inclined 
plane as shown in the figure. A force of 3 N is 
applied on the block. The coefficient of static 
friction between the plane and the block is 0.6. 
What should be the minimum value of force Р, 
such that the block doesnot move downward? 


(take g — 10 ms?) 12019] 
$, 
45° 
(а) 32N (b) 18№ 
(с) 23N (d) 25N 


A ball is thrown vertically up (taken as +z-axis) 


from the ground. The correct momentum-height 
(p-h) diagram is: 12019] 
{> tp 
@) De [2] ын 
4 
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Laws of Motion P-19 


Answer Key 


S Г] 12 | 13 | 14 | 15 
(b) | (9 | (а) (d) | (4) | (a) | (b) 
22 | 23 | 24 27 | 28 | 29 | 30 


17 | 18 | 19 
© | 09 | (4) 
| 31 | 32 | 33 sess] 1-1 |j ШШЕ || 
(0 | Ф) 


cc Solutions 55 


1. (e) Case- 
the 
буу = dy -üm > ap, = да 

Case- II: The man standing on the ground, 
the acceleration of the ball 


For the man standing in the lift, 
leration of the ball 


dp, = Ay -Öm > Ay =5-0=0 6, (b) For mass m, 
2. (а) When forces F}, F, and F} are acting on mg-T=ma i) 
the particle, itremains in equilibrium. Force For mass m; 
F, and F; are perpendicular to each other, T-myg = mya NUI 


Fy +F; 


The force F, is now removed, so, resultant 
of F, and F} will now make the particle 


move with force equal to F}. dum T Т 
Р 1 

Then, acceleration, a = —- Y m, ya 
m mg Y 


3.00) The maximum velocity ofthe car is mg 
B Adding the equations we get 
Vmax УНР 


Here ji 0.6, r= 150m, g=9.8 (m-m)g 


Ms ту + ту 
Vmax = V0.6x150x9.8 == 30m /s 
4. (d) Thisisa case ofsliding (ifplaneis friction Here а=® 
less) and therefore the acceleration of all 8 
the bodies is same. moa 
5. (b) Letthe two forces be F} and F, and let F, 1 т 1-8”! 8 
«Бү, R is the resultant force. i m m 


Given F} +F,=18 E 
From the figure F? +R? = F? 
7 


alii) 
Ошу option (b) follows equation (1) and 
(ii). 


=(т+т+т)ха 
F-3m*a 
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P-20 

8. (с) 
9. (a) 
10. (d) 
п. (d) 


Tension, 
Mass of a man m = 60 kg 
mg-T- ma 


T 
a=g-— 
m 
360 ams? 
60 
When lift is stationary, W,=mg — ...(i) 
When the lift descends with acceleration, a 


W, = mig - a) 


-10 


49 
m= i5 0073) 7245 N 


Eu 
Na 

mg 
Resultant force is zero, as three forces are 


represented by the sides of a triangle taken 
in the same order. From Newton’s second 


law, Ёш = тй. 

Therefore, acceleration is also zero ie., 
velocity remains unchanged. 

Horizontal force, N — 10 N. 
Coefficient of friction p = 0.2. 
f-uN 


WwW 
The block will be stationary so long as 
Force of friction = weight of block 
uN- И 


12. 


13. 


14. 


@) 


(4) 


(a) 


Physics 


=>0.2 x 10=W 
=> W=2N 
u=6m/s, v=0,=10s,a=? 


Acceleration а 


The retardation is due to the frictional 
force 


f= та 
=> N= та 
=> umg = та 
ma 

АТ me 

= 496 _ 4.06 

10 
Taking the rope and the block as a system 
5 
M m 
T IP 


we get Р= (т + Ма 


Acceleration produced, а= 


тэм 
Taking the block as a system, 
Force on the block, F = Ма 

__МР 

|(m«M 


The Earth exerts a pulling force Mg. The 
block in turn exerts a reaction force Mg 
on the spring of spring balance 5, which 
therefore shows a reading of M kgf. 

As both the springs are massless. 
Therefore, it exerts a force of Ме on the 
spring of spring balance S; which shows 
the reading of M kgf. 


Laws of Motion 


15. 


16. 


17. 


18. 


(b) 


(c) 


(c) 


(b) 
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In the absence of air 
resistance, if the 
rocket moves up 
with an acceleration. 
a, then thrust F— mg 
+ ma 


Thrust (F) 


F=m(g+a)= 
3.5 x 104 ( 10+10) 
=7x105N 
Here, m, = 5Кр and т, = 4.8 kg. 
Ifa is the acceleration of the masses, 
ma=mg-T i 
та= T-myg 
Solving (i) and (ii) we get 


;- [m ls 
a=| 71m 
m +m 


mg 


x9.8 


m/s? -02 m/s? 


Since the body is at rest on the inclined 
plane, 

mg sin 30° = Force of friction 

=> тх10 хѕіп 30° 210 

= тх5=10= т 


Oke 
a=gsin0—pgeos0 


smooth 


rough 

On smooth inclined plane, acceleration of 
the body = g sin Ө. Let d be the distance 
travelled 


d (взу, 


g 
On rough inclined plane, 

_ mgsinü-uR 
E m 


19. 


(4) 


(c) 


_ mgsin8  umgcosü 


m 
= a=gsin 0- pg cos 0 
1 


(gsin0— не сов0)/3 


2 


24 
ае TR O ERRA 
gsin0- це созӨ 


According to question, г, = nf 
2 


d 
2910 


24 


gsin0 — pkg cos 


п, 


Here, н is coefficient of kinetic friction 
as the block moves over the inclined plane. 


sin Ө = (sin Ө – pÅ cos Ө)л? 


=> Meal 


Initially, the parachutist 
falls under gravity. І 


= 50m 
u= figh | 
u= J2x9.8x50 = V980 $ a ne 
Hereachsthegroundwith | 
a speed of 3 m/s. i 
v=3m/s ps 


Using v? —i? = 2aS 


0 
=> S= = 243 т 


2х2 
Initially he has fallen 50 m. 
2. Total height from where he bailed out 
= 243 + 50 = 293 m 


12551772 


-oR, 


Let m is the mass of each particle and o is 
the angular speed of the annular ring. 


Р-22 


21. 
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2 
olg 
[3 3 
Taking particle masses equal 


К ma mRo 8, 


F, та) mR R 
r$ AITERNATE SOLUTION 


The force experienced by any particle is 
onlyalong radial direction. 
Force experienced by the particle, F= ma?R 


Jp ON 
Fy Ry 
For first half 


acceleration = g sin dx 

For second half 

acceleration = — (g sind — це cos) 

For the block to come to rest at the bottom, 

acceleration in I half — retardation іп II half. 

єзїпф = -(gsinó- ngcosQ) 

=> p=2 tang 

У ALTERNATE SOLUTION 

According to work-energy theorem, 

W=AK 
(Since initial and final speeds are zero) 

Workdone by friction + Work done 


by gravity= 0 


£ 
ie, би те соф) + mglsing =0 


ог Бсоѕф=зіпф or й-2100 


Mass (n1) -0.3 kg 
Force, F^ m.a- Ах 


а= -50х0.2 = 10m/s* 
When the incline is given an acceleration a 
towards the right, the block receives a 
reaction ma towards left. 


gnacoso. 


Physics 


For block to remain stationary, Net force 
along the incline should be zero. 

mg sin а = ma cosa => a= g tan a 
Given, initial velocity, и = 100m/s. 
Final velocity, v = 0. 
Acceleration, а= jg 0.5 10 
у2-12-2ав or 
=> 0g =g) 


> аа = 2x F105 


> s=1000m 

For the motion of ball, just after the 
throwing 

| s-2m,a--g -l0ms? 

2as for upward journey 


=> =n? =2(-10)x2=> 1? = 40 
When the ball is in thc hands of the thrower 


u=0, v= 440 ms 


s 
v? —1? =2as 


— 40-0 =2 (a) 0.25 a 2100 m/s? 


<. F = та=02х100=20 N 

=> М-т=20= = 20+2= 22у 
шини SOLUTION 

Viana * Weravity = 


= F(02)« (0.21022) = 0 F 222 N 
(c) Given, mass of cricket ball, m= 15020.15 


kg 
Initial velocity, и= 20 m/s 
Force, 

- -2 
pa Maw) _ 0150-20) _ 39 


t , 
Writing free body-diagrams for m & M, 


Бэк 


—a 


>F 


mg Mg 
weget T=ma and F— 7= Ма 
where T is force due to spring 
= F-ma- Ма or, F= Ma* ma 
х Acceleration of the system 

Е 


а= z 
M+m 
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Laws of Motion 


Now, force acting on the block of mass m is 


А ( F БЭЭР 
таг m Mtm) т+м` 


Ifa is the acceleration along the inclined 


plane, then 

mg sin 0 = та 

^ a-gsino 

2. Vertical component of acceleration 

= g sin? 0 

7. Relative vertical acceleration of A with 
respect to B is 


g(sin? 60—sin? 30] 


3 |) g 2 
-g[3-l|.£.49 ms? 
Е 3j 2 


28. (d) 


in vertical direction 


When the body slides up the inclined 
plane, then 
mg sin0+f, =F, 
or, Е = т sin 0+ umg cos 0 
When the body slides down the inclined 
plane, then 
mg sin ð- f = Fy 
or Р, =mgsin 0- pmg cos 0 
Б _ sind+pcos0 


F, sin0—peos0 


tanO—p 
30. 


We know that К xt 


31. 


33, 


P-23 


Ifinitial spring constant is k, then 
к= kala = И 


Acceleration а = Ra. 
and mg—T=ma 
From equation (i) and (ii) 


„(а 
Tx R= mR?0.= mR? p 
o Т-та 
= mg-ma-ma 
э a-É 


(а) Atlimiting equilibrium, 
p=tan 0 
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P-24 Physics 
tanĝ=u= d 2 (from question) 
^ Coefficient of friction н = 0.5 eem ” 
mg=50N 
= 5=2(m+10) 
20 
100 L m 410 7 m-233kg: 
Л л 3 
close to option (b) 
N 
м. @ | А < 36 
20N ^ 100N 
Assuming both the blocks are stationary 
N-F 
f,=20N For equilibrium 
A= 100+20=120N, 3+ mg sin 0=P+ umg cos 0 
р 1 
= 3+10х10х 
=P+0.6* 10x 10% cos45° 
P-3128432N 
37. (d) у2-12-260 
120N orv- yu? -2gh 
Considering the two blocks as one system Momentum, p ту 
and due to equilibrium /= 120 apm? ig 
35. (b Given:m, = 5Кр; m, = 10kg; p=0.15 


Therefore graph between p and h cannot 
have straight line. 
(b) and (c) are not possible. 


FBD for шу, mjg-T-mja 
= 50-Т=5ха 


and, T - 0.15 (m+ 10)g - (10+ m)a During upward journey as / increases, p 
For resta - 0 decreases and in downward journey as /t 
of, 50=0.15(m+10) 10 decreases p increases. Therefore (d) is the 


correct option. 
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Work, Energy 


and Power 


Consider the following two statements :[2003] 

A. Linear momentum ofa system of particles 
iszero 

В Kinetic energy of'a system of particles is zero, 
Then 

(а) A does not imply B and B does not imply А 

(b) A implies B but B does not imply A 

(c) A does not imply B but B implies A 

(d) 4 implies P and B implies A 

А wire suspended vertically from one of its ends 

is stretched by attaching a weight of 200N to 

the lower end. The weight stretches the wire by 

1 mm. Then the elastic energy stored in the wire 


is 12003] 
@ 021 (b) 107 
(с) 201 (4) 017 


A spring of spring constant 5 x 10? N/m is 
stretched initially by 5cm from the unstretched 
position. Then the work required to stretch it 
further by another 5 em is [2003] 
(a) 12.50 N-m (b) 1875 N-m 

(c) 25.00 N-m (d) 625 N-m 

A body is moved. along a straight line by a 
machine delivering a constant power. The 
distance moved by the body in time */ is 


proportional to 12003] 
(а). 2/4 ъ 22 
(с) 14 @ n2 


A particle moves in a straight line with retardation 
proportional to its displacement. Its loss of 
kinetic energy for any displacement x is 
proportional to 12004] 
(a) х (Ы) е 

(с) (d) log.x 

A uniform chain of length 2 m is kept on a table 
such that a length of 60 cm hangs freely from 
the edge of the table. The total mass of the chain 


10. 


ЭР, 


is 4 kg, What is the work done in pulling the 


entire chain on the table ? [2004] 
(а) 127 (b) 361 
(c) 721 (d). 12001 


A force F = (5i +3] -2k)N is applied over a 
particle which displaces it from its origin to the 


point 7 =(2/—j)m. The work done on the 
particle in joules is 12004] 
(a) +10 (b +7 
© 7 (4) +3 


A body of mass ‘m’, accelerates uniformly from 
rest to “уу? in time *1,". The instantaneous power 
delivered to the body as a function of time 97 is 


12004] 
туу? Ё туг 
(a) 1 (5) Н 
туі тй 
OF (d 


^ 

A particle is acted upon by a force of constant 
magnitude which is always perpendicular to the 
velocity ofthe particle, the motion of the particles 
takes place in a plane. It follows that [2004] 

(a) its kinetic energy is constant 

(b) its acceleration is constant 

(c) its velocity is constant. 

(d) і moves in a straight line 

The block of mass M moving on the frictionless 
horizontal surface collides with the spring of 
spring constant & and compresses it by length 
L. The maximum momentum of the block after 
collision is [2005] 


M 


Р-26 


п. 


12, 
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Physics 


() үм 


(d) zero 


A spherical ball of mass 20 kg is stationary at 
the top ofa hill of height 100 m. It rolls down a 
smooth surface to the ground, then climbs up 
another hill of height 30 m and finally rolls down 
to a horizontal base at a height of 20 m above 
the ground. The velocity attained by the ball is 


[2005] 
(а) 20 m/s (b) 40 m/s 
(c) 10430 m/s (Фф 10 mis 


A body of mass m is accelerated uniformly from 
rest to a speed v in a time 7. The instantaneous 
power delivered to the body as a function of 
time is given by 12005] 


lm? 2 
(с) I7 
A mass “пт” moves with a velocity ‘v’ and collides 
inelastically with another identical mass . After 


collision the P mass moves with velocity —У_— 


ina direction perpendicular to ће initial direction 


of motion. Find the speed ofthe 2"% mass after 
collision. [2005] 


tu^ p [vs 


before after 
collision collision 
@) By (b) v 

v 2 
© -= (d —v 

Уз 45 


A bomb of mass 16kg at rest explodes into two 
pieces of masses 4 kg and 12 kg. The velolcity 
of the 12 kg mass is 4 ms !. The kinetic energy 


of the other mass is 12006] 
@) 144] (b) 2881 
(c) 192J (d) 967 


15, 


17. 


18. 


19. 


20. 


A particle of mass 100g is thrown vertically 
upwards with a speed of 5 m/s. The work done 
by the force of gravity during the time the particle 


goes up is 12006] 
(а) -051 (b) -125J 
(с) 1257 (d) 051 


The potential energy ofa 1 kg particle free to 
move along the x-axis is given by 
sra aat 
ia ERES 
The total mechanical energy of the particle is 2 
J. Then, the maximum speed (in m/s) is 

12006] 


(а) 0-2 


© uy @ 2 


А 2 kg block slides on a horizontal floor with a 
speed of 4m/s. It strikes a uncompressed spring, 
and compresses it till the block is motionless. The 
kinetic friction force is 15N and spring constant is 


10,000 N/m. Thespring compresses by [2007] 
(а) 85em (b) 55сп 
(с) 25cm (d) 11.0cm 


An athlete in the olympic games covers a 
distance of 100 m in 10 s. His kinetic energy can 
be estimated to be in the range 12008] 
(a) 2001-5001 

(b) 2х1057-3х 105] 

(c) 20,0001-500001 

(4) 2,0001-5,000] 

A block of mass 0.50 kg is moving with a speed of 
2.00 ms ! on a smooth surface. It strikes another 
mass of 1.00 kg and then they move together as 
a single body. The energy loss during the 


collision is 12008] 
(а) 0461 (b) 1.007 
(c) 0.673 (d) 0341 


The potential energy function for the force 
between two atoms in a diatomic molecule is 


a ў 
z g> where 
2 6 


approximately given by U(x) 


а and b are constants and x is the distance 
between the atoms. If the dissociation energy 
of the molecule is 
D-[U(x- є] U, 


atequititriuml Dis 12010] 
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b? b? 
(с) a (9) ra 


Statement -1: Two particles moving in the same 

direction do not lose all their energy in а 

completely inelastic collision. [2010] 

Statement -2 : Principle of conservation of 

momentum holds true for all kinds of collisions. 

(a) Statement -1 is true, Statement -2 is true ; 
Statement -2 is the correct explanation of 
Statement -1. 

(b) Statement -1 is true, Statement -2 is true; 
Statement -2 is not the correct explanation 
of Statement-1 

(c) Statement-1 is false, Statement-2 is true. 

(d) Statement-1 is true, Statement -2 is false. 

At time = 0 a particle starts moving along the 

x-axis, If its kinetic energy increases uniformly 

with time “Г, the net force acting on it must be 
proportional to [2011 RS] 


(a) constant W 2 
1 


ө т Фу 


This question has statement I and statement IT. Of 
the four choices given after the statements, choose 
the one that best describes the two statements. 


Statement - I: Apoint particle of mass m 
moving with speed v collides with stationary 
point particle of mass M. If the maximum 


a) 


energy loss possible is given as j 


" m 

йс Mm) 

Statement - П: Maximum energy loss occurs 

when the particles get stuck together as a result 

ofthe collision. [2013] 

(a) Statement - I is true, Statment - II is true, 
Statement - II is the correct explanation of 
Statement - I. 

(b) Statement-I is true, Statment - II is true, 
Statement - II is not the correct explanation 
of Statement - II. 

(c) Statement- I is true, Statment - II is false. 

(d) Statement -I is false, Statment - IT is true. 


24. 


25. 


26. 


27. 


P-27 


When a rubber-band is stretched by a distance 
x, it exerts restoring force of magnitude F = ax + 
bx? where a and b are constants. The work done 
in stretching the unstretched rubber-band Бу L 
is: [2014] 


1 
© агы?) (an eer) 
2 2 3 
а2 ы? а2 ыг 
Цай ыг 
ost | | 3 95 


A particle of mass m moving in the x direction 
with speed 2v is hit by another particle of mass 
2m moving in the y direction with speed v. If the 
collision is perfectly inelastic, the percentage 
loss in the energy during the collision is close 


to: 12015] 
(a) 56% (b) 629 
(c) 4496 (d) 50% 


А person trying to lose weight by burning fat 
lifis a mass of 10 kg upto a height of т 1000 
times, Assume that the potential energy lost each 
time he lowers the mass is dissipated. How much 
fat will he use up considering the work done 
only when the weight is lifted up? Fat supplies 
3.8 х 107 J of energy per kg which is converted 
to mechanical energy with a 20% efficiency rate. 
Take g=9.8 ms? : [2016] 

(а) 9.89x103kg (b) 12.89x 10? kg 

(с) 245x103kg (d) 46x 1047 

A point particle of mass m, moves long the 
uniformly rough track PQR as shown in the figure. 
The coefficient of friction, between the particle 
and the rough track equals p. The particle is 
released, from rest from the point P and it comes 
torest ata point R. The energies, lost by the ball, 
over the parts, PQ and QR, of the track, are equal 
to each other, and no energy is lost when particle 
changes direction from PQ to QR. The value of 
the coefficient of friction ц and the distance 


х (= QR), are, respectively close 10: [2016] 
P 
h=2n 


| э, 


Horizontal surface 
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(а) 0.29and3.5 m (b) 029and6.5m 

(c) 02and65m (d) and3.5m 

A body of mass m = 10? kg is moving in a 
medium and experiences a frictional force 
Е = -kv?. Its intial speed is vy = 10 ms. If, after 


105, its energy is Long, the value ofk will be: 
ш [2017| 

(а) l04kgm^ (Б) 107 kgm! st 

(с) l02kgm! — (d) 102 kgs"! 

A time dependent force F= 6t acts on a particle 


of mass 1 kg. If the particle starts from rest, the 
work done by the force during the first 1 secand 


willbe 12017] 
@) 9) 18) 
(c) 451 @ 221 


A particle is moving in a circular path of radius a 
under the action of an attractive potential 


U =. Its total energy is: 12018] 
2? 

(a) А (b) 

© e 
m 

(c) zero (d) 


Ina collinear collision, a particle with an initial 
speed v, strikes a stationary particle of the same 
mass. If the final total kinetic energy is 50% 
greater than the original kinetic energy, the 
magnitude of the relative velocity between the 


two particles, after collision, is: [2018] 
@ M () м 

4 

у у 
© > @ > 


It is found that if a neutron suffers an elastic 
collinear collision with deuterium at rest, 
fractional loss of its energy is py; while for its 
similar collision with carbon nucleus at rest, 
fractional loss of energy is P,. The values of Py 
and P, are respectively: [2018] 
(а) (89,28) (b) (28,89) 

(c) (0,0) @ (0,1) 

A block of mass т, lying on a smooth horizontal 
surface, is attached to a spring (of negligible 


34. 


36. 


Physics 


mass) of spring constant k. The other end of 
the spring is fixed, as shown in the figure. The 
block is initally at rest in its equilibrium position. 
If now the block is pulled with a constant force 
F, the maximum speed of the block is:[2019] 


т |—» F 
MP: » 
® Tak © nk 


Е 

(©) Ink (d) лк 

There block A, В and C are lying on а smooth 
horizontal surface, as shown in the figure. A 
and B have equal masses, m while C has mass 
M. Block A is given an inital speed v towards B 
due to which it collides with B perfectly 
inelastically. The combined mass collides with 


5 
C, also perfectly inelastically ris ofthe initial 


kinetic energy is lost in whole process. What is 


value of M/m? 12019] 
A B C 
m m [м] 

@ 5 (b) 2 

(c) 4 @ 3 


A uniform cable of mass ‘M’ and length ‘L’ is 


" 
placed on a horizontal surface such that its ( +) 
я 


part is hanging below the edge of the surface. То 
lift the hanging part ofthe cable upto the surface, 


the work done should be: 12020] 
MgL Ме! 

@ 52 (b = 
2п п 
2 MeL 

© = (d) nMgL 


п 
А body of mass 2 kg makes an elastic collision 
with a second body at rest and continues to 
movein the original direction but with one fourth 
of its original speed. What is the mass of the 


second body? 12020] 
(a) 1.0kg (b) L5kg 
(c) L8kg (4) 1.2kg 
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Answer Key 
ПО БЕ БЕЛЕ ШЕЕ ЖЫ СИН ҮП 
20 [21 [ 22 [23 [| 24 

(d) (c) 
35 
(b) 


Solutions 


Kinetic energy ofa system of particle is zero 
only when the speed ofeach particles is zero. 
This implies momentum of each particle is 
zero, thus linear momentum of the system of 
particle has to be zero. = 
Alsoit linear momentum ofthe system 15 zero it 
does not mean linear momentum of each particle 
is zero. This is because linear momentum is a 
vector quantity. In this case the kinetic energy 
ofthe system of particles will not be zero. > 
2. A does not imply B but B implies A. 

Given, force, F = 200 N extension of wire, 


> 
x= Imm. 
2. (d) The elastic potential energy 
> 
Force x extension 
1 => 
=-xFxx 
2 
l 500% 00012 01j = 
5. (c) Given: retardation x displacement 
3. (b) Springconstant, 103 N/m H aveina Here ke constant] 


Let.x, and x; be the initial and final stretched 
position of the spring, then 


Work done, W 


-k> Ї vdv= j хах 
"n 0 


А 2 
хо 04709 


Е 2000 х 0.15 х 0.05 = 18.75 Nm 
2 > 


e 
Ё 
Ё 
: 
У 


1 Е | 
Lm 
2 2 


Integrating both sides, we get 2. Loss in kinetic energy, 2. AK cx? 


тууу сй 


Р-30 
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7. 0 
8. 0 
9. (a) 
10. (b) 
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Mass of over hanging part of the chain 
4 


m! =—x(0.6)kg = 12kg 


Weight of hanging part of the chain 
=1.2*10=12N 
C.M. of hanging part = 0.3 m below the table 


Workdone in putting the entire cha in on the 
table= 12 х 0.30=3.6 J. 


Given, Force, F = (5i 37 2f) 


2 


Displacement, х= (27 — 
Work done, 

d =(5Її+3]+2).(21-]) 
0 joules 


Let a be the acceleration of body 
Using, v=u + at 


» 
vp =0+at а= 
1 


1 
Velocity of the body at instant z, 
v=at 


vit 
dt 
å 


> 


Instantaneous powr, P= F-y. =(ma)-¥ 


(mm) <n ( H Р 
hA h 

Work done by such force is always zero since 
force is acting in a direction perpendicular to 
velocity. 
2. From work-energy theorem = AK = 0 
K remains constant. 
When the spring gets compressed by length 
Lh 


K.E. lost by mass M = РЕ. stored in the com- 
pressed spring. 


п. 5 


12. (0 


Physics 


M 


Momentum of the block, = M х v 


-Мх E-L = VM 


Q 
d 
0 
Д 
22 Leo 


Using conservation of energy, 
Total energy at 100 m height 
= Total energy at 20m height 


l5 
m(10 100) Ze +10%20) 


or 1р =800 or v= 41600 =40 m/s 


н 
potential energy = gain in kinetic 


energy 


mxgx80-—mv? 


10х80= 
у2-1600 ог v=40 m/s 


Using, у= ut at. 
E v=0+aT 
EN E 

T 


Ё mV 
Force, F= ma = ——— 


T 


Velocity acquired, V= at= 


T 
Instantaneous power, P = Fv 


V mv 


pom. 
= T* 
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(@ Considering conservation of momentum 
along x-direction, 
mv — mv, cos 0 NUI 
where v, is the velocity of second mass 
In y-direction, 


mv 


0=—=-туузїпӨ 
4 m 
mv 
or my, sino - = 42) 
ДД 4 ) 


(b) Let the velocity and mass of kg piece be vi 
and т and that of 12 kg piece be vy and my, 


16kg 
Initial momentum 
Situation 1 Y 
4kg=m, їп; =12К& Final momentum 
Situation 2 


Applying conservation of linear momentum 


16x0=4xy, 41254 
_12х4 
4 
Kinetic energy of4 kg mass 


1 


-3Э =-12 ms” 


5К.Ёс--трур -Daua- 288J 


15. (b). Given, Mass of the particle, m= 100g 


Initial speed ofthe particle, p =5 m/s 
Final speed ofthe particle, v=0 
Work done by the force of gravity 

= Loss in kinetic energy of the body. 
100, 2 
1009 (02-52) 


P-31 


16. (a) Potential energy 


4 2 
May= 57 


joule 


2 
For maxima of minima 


KE max.) 
KE.nax.) = 
182 
K.E max. = ax 
3 
2 — и 
наа өгий анд 


Suppose the spring gets compressed by х 
before stopping. 

kinetic energy of the block — P.E. stored in 
the spring + work done against friction. 


= 12500 =4510,000 «3? +15хх 
= 10,0005? 30x 32-0 
=> 5000x? «15x-16- 0 


x (5000) 

2x 5000 
—0.055m = 5.5cm. 

The average speed of the athelete 
5 100 


—=10m/s 
t 10 


v 


1 
KE--m? 
2 


Assuming the mass of athelet to 40 kg his 
average K.E would be. 


K.E = 440% (10)? = 20003 


Assuming mass to 100 kg average kinetic 
energy 


KE. -ix 100 (10)? = 50001 


19. (c) Initial kinetic energy of the system 
1 


кЕ,= Lou? мөр 
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-lxosxixie0-u 


Momentum before collision 
= Momentum after collision 
тиу + muy 7 (m М) ху 


2 
752 1x0-(05 «v» vo Fm/s 
Final kinetic energy of the system is 


КЕу- 0+ му? 


1 
= —(0.5+1 
2! ni 3 


3 
2. Energy loss during coilision 


414 
3 


-dU(x) 
dx 


aU, 


(а) In completely inelastic collision, all initial 
kinetic energy is not lost but loss in kinetic 
energy 15 as large as it can be. Linear 
momentum remain conserved in all types 
of collision. Statement -2 explains statement 
-1 correctly because applying the principle 
of conservation ofmomentum, we can get 
the common velocity and hence the kinetic 
energy of the combined body. 

© KE. 
KE. 


Ж [Here, с = constant] 


1 
=> тту =a 
2 


23. 


24. 


@ 


© 


Physics 


> Plo (spem) 
2m 


=> p=v2ctm 
dp _ ает) 


=> F=— = 


dt dt 
> к= {езх 
РАД 

Xo 


: Р 
Maximum energy loss = 7— 


VKEEI—- Ln 
2m 2 


Г M 1 of M] 
=——|——_ |= — mv? } —_ 
2m|(m«M)| 2" [m*MJ 
Statement II is а case of perfectly 
inelastic collision. 
By comparing the equation given in 
statement I with above equation, we get 


re) ео [уу 
UEM instead of (as) 
Hence statement Lis wrong and statement 
Ilis correct. 

Work done in stretching the rubber-band 
Буа distance ах is 


а= F dx= (ax bx?)dx 
Integrating both sides, 
L L 


a 


W = аа [ра = — “ 
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Final momentum of the system = 3mV 
By the law of conservation of momentum 


E 


= У, 


‘combined 


Loss in energy 


1 2,1 201 
AE- mM e mE -- (m +m) Уна 


DE =3mv? - mv 
3 3 


Percentage loss in energy during the collision — 
56% 


mv 55.55% 


_ УУ _шфһх1000 _10х9,8х1х1000 
Dose input input 
98000 " 
Input = “үүр 49 * 109] 
49x10* 4 
Fatused = — — 7 = 12.89 х 10kg. 
38х10 
(а) Work done by friction at QR = umgx 
i ша 1-2: 
In triangle, sin 30°= 2—0 
=> PO-4m 
Work done by friction at PQ = umg х 
3 
Cos30° x 4- umg х Brae 245 umg 
Since work done by friction on parts PO 
and QR are equal, 
umgx- 2/3 umg 
тэх-023535т 
Using work energy theorem mg sin 30° x 4 
= 248 umg * umgx 
22-45 
= 1-029 
(a) Let Vpis the final speed of the body. 


From questions, 


[2 £a 


io 


1-1 
== =100 (10! k= 34 1 
5710 00) о, K- 10^ kgm 
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ПА 
29. (c) Using, F - ma = т 


dt 
dV 
dt 


v 27! 
[qr - [oa ү=6|—| =3ms! 
0 2 o 


[> £21 sec given] 
From work-energy theorem, 


6t 


[^ m=1kggiven] 


2 2 1 
W-AKE- үт(?-?)=-х1х9= asi 


^ KE.--m 
2 22 
Total energy Р.Е. + К.Е. 
SEE = Zero 
2? 2° 


2 
Before Collision. 


з. (b) ~ “os O g~“ 


Stationary 


After Collision 


ЖЕ 1 3 
Тамд +2 
2 972 


a» 329 " 
= eS wi) 
From momentum conservation 
my, 7 mv, + v3) 40) 


Squarring both sides, 


Solving we get relative velocity between the 
two particles 


vi 7 va =V2vo 
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(a) For collision of neutron with deuterium: 
У 


@ 


© 


Y v. 
> o > e 
m” 2m > m om 
Applying conservation ofmomentum : 


mv+0 


v, *2mv, 


Collision is elastic, с-1 


From eqn (i) and eqn (ii) Vi 


2_1 
тур 


= 0.89 


1.28 
Б 
Now, For collision of neutron with carbon 
nucleus 
у сэрэг 
— * > e 
m^ 12m oom Tam 
Applying Conservation of momentum 
mv+0= mv + mv, 
у= ү 
From eqn (iii) and eqn (iv) 
11 
=-—v 
13 


45, 
169 


= 0.28 


Maximum speed is at equilibrium position 
where 
i 
Е= х х= 
х хф 


From work-energy theorem, 
Wy + Wap = АКЕ 


F 
k 


Kinetic energy of block A 


1 
ky = yma 


Physics 


. From principle of linear momentum 


35. ®) 


36. © 


conservation 


‚ _ my 
ту=(2т+ Муу Уу “ут 


iz 
KE, = ERE; (given) 


1 2 ld 
50"+ м) = gym 
т?уў 

2 
(2m+ M) 
= 6m=2m+M 
=> 4m=M 
Length of hanging part = L/n 
Mass of hanging part = M/n 
Weight of hanging part — Mg/n 
Let ‘C’ be the centre of mass of the hanging 
part. 


6(2т+ M) гт 


c Фала 


| Tum 


Mg/n 
The hanging part can be assumed to be a 
particle of weight Mg/n at a distance L/n 
below the table top. The work done in lifting 
it to the table top is equal to increase in its 
potential energy. 


95 


ог 


For head on elastic collision we have 
mmu | 2m 
In m, 


h 

my +m 
Here m, = 2kg, u, =x, uy =0, 
vy =x/4 


f^ 
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System of 


Particles and 
Rotational Motion ^ 


Initial angular velocity ofa circular disc of mass 
Mis ox. Then two small spheres of mass m are 
attached gently to diametrically opposite points 
on the edge of the disc. What is the final angular 
velocity of the disc? [2002] 


М+т М+т 
(а) Met Oy 


o (ue e (“Jo 
9 Uam) | M+2m) V 


Two identical particles move towards each other 
with velocity 2v and v respectively. The velocity 


of centre of mass is [2002] 
(а) v (b) уз 

(с) w2 (d) zero 

Moment of inertia of a circular wire of mass 
Mand radius R about its diameteris [2002] 
(a) MR2/2 (b) MR? 

(c) 2MR2 (d) MR?/4. 


A particle of mass т moves along line PC with 
velocity v as shown. What is the angular 
momentum of the particle about P? [2002] 


о 
(а) mvL (b) mil 
(с) mvr (d) zero. 
A circular disc X of radius Ё is made from ап 
iron plate of thickness t, and another disc Y of 
radius 42 is made from an iron plate of thickness 


t : " 
J Then the relation between the moment of 


52 


inertia / yand /yis 12003] 
(а) 15321. (b) Zy7 161, 
(c) Д (d) 4,7 64H, 


A particle performing uniform circular motion 
has angular. frequency is doubled & its kinetic 
energy halved, then the new angular momentum 


is 12003] 
(а) 2 (6) 2L 

4 L 

4L d) = 
(c) «7 


Let F be the force acting on a particle having 


position vector F , and 7 be the torque of this 
force about the origin. Then [2003] 
(а) rf 
(b) F.T = Оапа 
(c) F.T 2 0and 
(d) r.f-0and 
A solid sphere is rotating in free space. If the 
radius of the sphere is increased keeping mass 
same, which one of the following will not be 
affected ? [2004] 
(a) Angular velocity 

(b) Angular momentum 

(c) Moment of inertia 

(d) Rotational kinetic energy 

One solid sphere 4 and another hollow sphere 
B are of same mass and same outer radii. Their 
moment of inertia about their diameters are 


respectively / and /, such that 12004] 
(a) 1,<Iy (b) 71g 

14 4, 
(е) hel @ 7543 


where 4, and dy are their densities. 
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Physics 


A body 4 of mass M while falling vertically 
downwards under gravity breaks into two parts; 


a body B of mass i M and a body C of mass 


2 M, The centre of mass of bodies B and C 


taken together shifts compared to that of body 
A towards 12005] 
(a) does not shift 

(b) depends on height of breaking 

(c) body B 

(d) body C 

The moment of inertia of a uniform 
semicircular disc of mass M and radius r about 
a line perpendicular to the plane of the disc 


through the centre is [2005] 
2 1 

(а) тм? (b) qe 

(c) (d) Mr 


А “Т shaped object with dimensions shown in 
the figure, is lying on a smooth floor. A force 
“F ` is applied at the point P parallel to AB, 
such that the object has only the translational 
motion without rotation. Find the location of P 
with respect to C. 12005] 
<—1— 


A 3 
n 


й | 
[s 
3 2 
(а) 3t ® 3 
E 
(с) £ (4) 3 


Consider a two particle system with particles 
having masses m, and m». If the first particle is 
pushed towards the ceníre of mass through a 
distance d, by what distance should the second 
particle is moved, so as to keep the centre of 


mass at the same position? [2006] 
20) т 

O m (5) my m, 
m 

© vd (d) d 


ту 


14. 


15. 


18. 


Four point masses, each of value т, are placed 
at the corners of a square ABCD of side /. The 
moment of inertia of this system about an axis 
passing through А and parallel to BD is[2006] 


(а) mÈ (5 зт? 
(c) 3m (d) m 


A force of ЁЁ acts on O, the origin of the 
coordinate system. The torque about the point 
(1, -1) is 


[2006] 


2 Y 
х 
(Ы) (+) 
(c) (7+ Ј) (4) -Fi-j) 


A thin circular ring of mass m and radius R is 
rotating about its axis with a constant angular 
velocity œ. Two objects each of mass M are 
attached gently to the opposite ends of a 
diameter of the ring. The ring nowrotates with 


an angular velocity o = 12006] 
om 2M) ш(т-2М) 
EE ДИНТТҮҮТ) 

om om 
© Germ G Gin 


A circular disc of radius R is removed from a 
bigger circular disc of radius 2R such that the 
circumferences of the discs coincide. The 
centre of mass of the new disc is a / R form 
the centre of the bigger disc. The value of o is 

[2007] 


(a) 1/4 (b) 1/3 

(с) 1/2 (d) 1/6 

A round uniform body of radius R, mass Mand 
moment of inertia / rolls down (without 
slipping) an inclined plane making an angle Ө 
with the horizontal. Then its acceleration is 


12007] 
sind sind 
(a) ae i 
MR? /T In 
PERS di sin 
umm 1-1/ MR? 
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Angular momentum ofthe particle rotating with 
a central force is constant due to [2007] 
(a) constant torque 

(b) constant force 

(c) constant linear momentum 

(d) zero torque 

For the given uniform square lamina ABCD, 
whose centre is O, 12007] 


А 


(а) 14с-42 Tgp (5) V2 1 yc = Leg 

(c) Јар =3lee (д) Lc gr 

Athin rod of length ‘Z’ is lying along the x-axis 
with its ends at x = 0 and x = L. Its linear density 


п 
(mass/length) varies with x as 43) . where 


n can be zero or any positive number. If the 


position xc, of the centre of mass of the rod 
is plotted against ‘n’, which of the following 


graphs best approximates the dependence of 
хсмоп п? 


12008] 


(b) 


23. 


24. 


26. 


Consider a uniform square plate of side ‘a’ and 
mass “М. The moment of inertia of this plate 
about an axis perpendicular to its plane and 
passing through one of its corners is. [2008] 


(a) ine (b) 


7 
(с) =Ma («а Me? 
A thin uniformrod of length /and massm is swinging 
freely about a horizontal axis passing through its 
end, Its maximum angular speed is ©. Its centre of 
mass rises toa maximum height of [2009] 


22 


(4) 


Е 

3 g 
А mass m hangs with the help of a string 
wrapped around a pulley on a frictionless 
bearing. The pulley has mass т and radius R. 
Assuming pulley to be a perfect uniform 
ircular disc, the acceleration of the ma 
if the string does not slip on the pulley, i 


120111 


(a) g 


© т 


A thin horizontal ci rotating about 
a vertical axis passing through its centre. An 
insect is at rest at a point near the rim of the 
disc. The insect now moves along a diameter 
of the disc to reach its other end. During the 
journey of the insect, the angular speed of the 
disc. [2011] 


(a) continuously decreases 

(b) continuously increases 

(c) first increases and then decreases 
(d) remains unchanged 


A pulley of radius 2 m is rotated about its axis 
by a force F = (20r — 522) newton (where t is 
measured in seconds) applied tangentially. If 
the moment of inertia of the pulley about its 
axis of rotation is 10 kg-m? the number of 


Р-38 


27. 


28. 


29. 
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rotations made by the pulley before its 
direction of motion is reversed, is [2011 
(a) more than 3 but less than 6 

(b) more than 6 but less than 9 

(c) more than 9 

(d) less than 3 

A loop of radius and mass m rotating with an 
angular velocity « is placed on a rough horizontal 
surface, The initial velocity of the centre of the 
loop is zero. What will be the velocity of the centre 


of the loop when it ceases to slip? 12013] 
20, 5 

@ 5 e) ^ 

e) — (d) roy 


A bob of mass m attached to an inextensible 
string of length / is suspended from a vertical 
support. The bob rotates in a horizontal circle 
with an angular speed c rad/s about the vertical. 
About the point of suspension: 12014] 
(a) angular momentum is conserved. 

(b) angular momentum changes in magnitude 
but not in direction. 

angular momentum changes in direction 
but not in magnitude. 

angular momentum changes both in 
direction and magnitude. 

Distance of the centre of mass ofa solid uniform 
cone from its vertex is Zp. If the radius of its base 
is Rand its height is h then zp is equal to: [2015] 


(c) 
(d) 


5 "EM 
@ X O к 
h? 3h 
Or a @ > 


. From a solid sphere of mass M and radius R a 


cube of maximum possible volume is cut. 
Moment of inertia of cube about an axis passing 
through its center and perpendicular to one of 


31. 


32. 


Physics 


A particle of mass m is moving along the side 
of a square of side 'a', with a uniform speed v 


in the x-y plane as shown in the figure : [2016] 


Which of the following statements is false for 


the angular momentum T, about the origin? 

(a) Lo ту. ea | when the particle i 

a 4 when the particle is 
moving from B to C. 


Ig рр 
(b) 25:66 when the particle is moving 
from D to A. 


nv 


v2 


from A to B. 


(c) Е Rk when the particle is moving 


(d L=m afi when the particle is 


moving from C to D. 
A roller is made by joining together two cones 
at their vertices О It is kept on two rails AR 
and CD, which are placed asymmetrically (see 
figure), with its axis perpendicular to CD and 
its centre O at the centre of line joining AB 
and CD (see figure). It is given a light push so 
that it starts rolling with its centre O moving 
parallel to CD in the direction shown, As it 
moves, the roller will tend to : [2016] 


B р 


c 
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36. 


33. 


34. 


35. 


P-39 


(a) gostraight. 

(b) turn left and right alternately. 

(c) turn left. 

(d) turnright. 

The moment of inertia of a uniform cylinder 
of length / and radius R about its perpendicular 
bisector is I. What is the ratio //R such that the 


moment of inertia is minimum? [2017] 
3 

(a) 1 [DE 
Уз 

(с) © M 


A slender uniform rod of mass M and length £ 
is pivoted at one end so that it can rotate in a 
vertical plane (see figure). There is negligible 
friction at the pivot. The free end is held 
vertically above the pivot and then released. The 
angular acceleration of the rod when it makes 


an angle 0 with the vertical is [2017] 
z 
0 
E 
38 24 
Tcos0 — cos 
(а) 26 (b) зе 
ЗЕ. 2g 
(с) 3:08 (d) 5;sin8 


Seven identical circular planar disks, each of 
mass M and radius R are welded symmetrically 
as shown. The moment of inertia of the 
arrangement about the axis normal to the plane 
and passing through the point Pis: [2018] 


(а) > 
(c) Эме (4) Luv 


37. 


38. 


From a uniform circular disc of radius R and 
R 

mass 9 M, a small disc of radius 3 is removed 

as shown in the figure. The moment of inertia 

of the remaining disc about an axis 

perpendicular to the plane of the disc and 


passing, through centre of disc is: — [2018] 
[2R 
3 
2 40 
(а) 4MR? (b) зу MR? 
2 37 a2 
(c) 10 МК? (4) "y MR. 


An L-shaped object, made of thin rods of 
uniform mass density, is suspended with a 
string as shown in figure. If AB = BC, and the 
angle made by AB with downward vertical is 6, 
then: [2019] 


(a) tano - 1 (b) tan 0- ! 
2/3 2 

(с) шаб=-- (4) "I 
У 3 


m 
Two masses m and 7 are connected at the 


two ends of a massless rigid rod of length 7. 
The rod is suspended by a thin wire of torsional 
constant k at the centre of mass of the rod- 
mass system (see figure), Because of torsional 
constant К, the restoring toruque is т = КӨ for 
angular displacement Ө. If the rod is rotated by 
9, and released, the tension in it when it passes 


through its mean position will be: [2019] 
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Physics 


2gh 


P-40 
УУУ 
Сө т т 
m/2 1 [4gh N 
9,2 02 ӨТ 0) 31257 
(ву Ж® m 7 rV 3 
2 2 «еу 128. (8) 7, E 
(o fv wo £ MAE Agh 
1 2l 42. Three point particles of masses 1.0 kg, 1.5 kg 
39. А stationary horizontal disc is free to rotate 


40. 


41. 


about its axis, When a torque is applied on it, 
its kinetic energy as a function of 0, where Ө 
is the angle by which it has rotated, is given as 
КӨ?. If its moment of inertia is I then the angular 
acceleration of the disc is [2019] 


k k 
— 8 (p 26 
(a) 470 ® 7 
The following bodies are made to roll up 
(without slipping) the same inclined plane 
from a horizontal plane : (i) a ring of radius R, 


k 2k 
(0 378 @ 779 


(8) а solid cylinder of radius А and (1) a 


solid sphere of radius x If, in each case, the 


speed of the center of mass at the bottom of 
the incline is same, the ratio of the maximum 


heights they climb is : 12019] 
(а) 4:3:2 (b) 10:15:7 
(с) 14:15:20 (d)2:3:4 


А s shown in the figure, a bob of mass m is 
tied by a massless string whose other end 
portion is wound on a fly wheel (disc) of radius 
rand mass т. When released from rest the bob 
starts falling vertically, When it has covered a 
distance of Л, the angular speed of the wheel 
will be: 12020] 


Answer Ке: 


and 2.5 kg are placed at three corners ofa right 

angle triangle of sides 4.0 cm, 3.0 em and 5.0 

cm as shown in the figure. The center of mass 

of the system is at a point: 12020] 
2.5kg 


5 
аст gam 


1.0kg 1.5 кв 
3cm 
(a) 0.6 cm right and 2.0 cm above 1 kg mass 
(b) L5 em right and 1.2 ст above 1 kg mass 
(c) 2.0 cm right and 0.9 ст above I kg mass 
(d) 0.9 cm right an d 2.0 ст above 1 kg mass 


43. Theradius of gyration ofa uniform rod of length 


І 
I, about an axis passing through a point 7 away 


from the centre of the rod, and perpendicular 
to it, is: [2020] 


i! 
=j 
(a) 4 


E 
(c) 28 


1 
(b) i! 


3 
аф 
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Solutions 


1. 


Р-41 


cC 


(c) Moment of inertia of circular disc 


[2] 


=i? 
2 


When two small sphere are attached on 
the edge of the disc, the moment of inertia 
becomes 


1 


МЕ? + 2mR? 


h= 


2 
When two small spheres of mass m are 
attached gently, the external torque, about 
the axis of rotation, is zero and therefore 
the angular momentum about the axis of 
rotation is constant. 
1 

2 hoho: =% = 

1м? 

2 


TO an 
MR? + 2k? M+4m 


402 


The velocity of centre of mass of two 
particle system is given by 


ту + тууу 
v, 22mm 
m m» 


Here, m, = т, = т 
and v, = 2vand уус 


LmQy)yemcv) v 


ay, 
nd mm 2 


M. Lofa circular wire about an axis тт passing. 
through the centre of the circle and 
perpendicular to the plane of the circle = МЕ? 


z 
Ч Y 


As shown in the figure, X-axis and Y-axis 
lie along diameter of the ring . Using 
perpendicular axis theorem 

1+ 1; 

Here, Zy and 7, аге the moment of inertia 
about the diameter. 
—2HL-MR? [s 
and Г, МК] 


1, (by symmetry) 


(а; 


1м 
2 


Angular momentum (L) 

= (linear momentum) х (perpendicular 
distance of the line of action of 
momentum from the axis of rotation) 

As the particle moves with velocity V along 

line PC, the line of motion passes through P. 

a L=mvxr 

=mvx0 

=0 

mass(M) 
volume(V) 


M2 dxV =dx(nR* xt). 
The moment of inertia of a disc is given by 


We know that density (9) = 


1=1ме 
2 


1 1 2 
зм = (ах nR? xt)R? 


5) 


зү р | ах 1 


1х 
Миг" 


t гэж 
—х(4К 
4x02 

5 ЭМ 1 2 
Rotational kinetic energy- 5/0", 


L 
Angular momentum, — lo > 1 =~ 


2 =< Lo 


1 
= 


© 
When ois doubled and K.E is haled. 
Newangular momentum, 
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7. 
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(d) 


(b) 


(a) 


(a) 


We know that t= Fx Ë 


^ 


Vector 3 is perpendicular to both F and 


Ё. We also know that the dot product of 
two vectors which have an angle of 90° 
between them is zero. 


л АТ -O0and Ё-7 -0 

Angular momentum will remain the same 
since no external torque act in free space. 
The moment of inertia of solid sphere 4 


about its diameter 1, = = MR?. 


5 


The moment of inertia of a hollow sphere 


B about its diameter J = 


ody < dg 
The centre of mass of bodies Band C taken 
together does not shift as no external force 
acts. The centre of mass of the system 
continues its original path. It is only the 
internal forces which comes into play while 
breaking, 

The disc may be assumed as combination 
of two semi circular parts. Therefore, 
circular disc will have twice the mass of 
semicircular disc. 


Moment of inertiacf disc= тошу? =м? 


Let / be the moment of inertia of the 
uniform semicircular disc 
Mr? 

2 


= 21=2М? >1= 


Рһуѕісѕ 
12, (d) , f————^———* 
B 
yi | 
F— Р| Уг | x 
y 
(0, 0) | 
С 
То have translational motion without 
rotation, the force F hasto be applied at 
centre of mass. i.e. the point *Phas to be at 
the centre of mass 
Taking point C at the origin position, 
positions of y, and y, are r, = 2/, г, = Гапа 
ml=mand m,=2m 
туу туз тх2(+2тх( 4l 
m +m 3m 3 
22 ae 
їз. (©) Initially, m->——— —— m, 
(origin) 
о= ACH P. Sea mx, (1) 
m +m 
Let the particles is displaced through 
distanced away from centre of mass 
xpd  x-d' 
g 4—— wq. 
«20, 
т, 
: Ororigin) 
my nm, 
— 0 2 md -mx + myx туа" 
[From(1)] 
14. 


= M.I due to the point mass at B + 
M.I due to the point mass at D + 
M.I due to the point mass at C. 


1 
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15. 


16. 


17. 


(c) 


@ 


(9) 


P-43 


Dxcrb 
=Fl-ixk+jxk 
=F(j+i)= F(i+ j) 
[Since х 


Applying conservation of angular 
momentum /'o = Jo 

(mR? + 2МЕ?)оу = тї?® 

=> (т + Im)Ra! = mR’ 


Заа) 


т 
m+2M 
Let 6 be the mass per unit area of the disc. 
Then the mass of the complete disc 


= o(n(2Ry) 
© 


mass of the removed disc 


ZI 


The 


-c(nR^) = non? 

Let us consider the above situation to be a 
complete disc of radius 2R on which a disc 
of radius Ё of negative mass is 
superimposed. Let O be the origin. Then 
the above figure can be redrawn keeping 
in mind the concept of centre of mass as : 


алав <*> 


o лов 
(ent ny |хо+|-6[л°)) e 


алок? – пок? 


Хот = 


18. 


19. 


20. 


(b) Acceleration of the body rolling down ап 


@ 


@ 


inclined plane is given by. 


We know Torque x; = 2L. 
dt 


where L, = Angular momentum about ће 
center of mass of the body. Central forces 
act along the center of mass. Therefore 
torque about center of mass is zero. 

а. 
dt 
By the theorem of perpendicular axes, 

17 Igp* Igy 

Here, / is the moment of inertia of square 
lamina about an axis through О and 
perpendicular to its plane. 

2 gp Igy (By Symmetry of Figure) 


0 


1 


5 ғ = i) 
Again, bythe same theorem 7= 2 
Ге {5 Lye = 1р by 
symmetry of the figure) 

ii) 


From (i) and (ii), we get, Lpp 


К n 
21. (a) e The linear mass density 7-- 43) 
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Here ®<\ 


With increase in the value of'n, the centre 
of mass shift towards the endx=LThisis 93, (o) 
satisfied by only option (a). d 


£ L L x n 
хап — [xQ.d (®) хі 
[хат fxe к) [ Т 
xey=2— = =0——— ЕУ ae 
CMFT E RC 5 Кеїегепсе 
fm pe fk 3) ® x level for PE. 
` 
0 0 0 m i 
Ын 


nel 
k G +2" Цп+1 А 
Б Mo Оны) The moment of inertia of the rod about O is 


k yr п+2 1 a 
E стб. The kinetic energy of the rod at 
(n+ DL" |, 3 
1 
position A= = 7%? where / is the moment 


For жбус inel 2 
2 of inertia of the rod about O. When the rod 


харыг, РЕ 7 is in position В, its angular velocity is zero. 
7 d см = ге р : 
3 4 In this case, the energy of the rod is mgh 
For n> оох, = L where is the maximum height to which the 
Moment of inertia of a square plate about centre of mass (C.M) rises 
an axis through its centre and perpendicular Gain in potential energy = Loss in kinetic 
to its plane is. energy 
1 2 2 Ma^ 1 1(1 2) 2 
22. Im 7 М(а? жа?) = 22 —2: EJ 2 
€) 1,75 6 . mgh- 310° 75 
22 
эл (^ar 
6g 
24. (b) Fortranslational motion, 
mg—T=ma sel) 
For rotational motion, 
TR-/a 
m 
T 
m 
m mg 
Bà Жа a ї в 
Also, DO- 7 - ma 
274 =т= уто 
Буршчейнв the orem, moment of inertia Also, acceleration, а= Ro, 
of plate about an axis through one of its 


1 1 
corners. V i) тута - 578 


Substituting the value of T is equation (1) 
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changes but magnitude remains same. 


25. (с) Angular momentum, L = lo = L = m? 
As insect moves along a diameter, the 
effective mass and hence moment of inertia. 


26. (a) 
27. ©) 
28. (c) 


— Ó— 2 


(I) first decreases then increases so from 
principle of conservation of angular 
momentum, angular speed о first increases 
then decreases. 

Given, 


N do -Í (4-2 )ar 
о о 


à 
-5 (as@=0 at /=0, 68) 


>0=2f 


5 ГАРНЫ 
49-1 |22 -— |a 
! ЇР т)“ 
=> 0=36rad 
=>2nn=36 


36 
э п=576 


From conservation of angular momentum 


about any fix point on the surface, 
ту = 2те 


СТА 


э о=62 > v= [-v=ro] 


Torque working on the bob of mass m is, 
т mg x (sin Ө. (Direction parallel to 


plane of rotation of particle) 


mg 


As tis perpendicular to Z , direction of £ 


29. 


30. 


31. 


(d) Let density of cone = p. 
[x 
Centre of mass, уст = Ї dn 


[ys dvo 
= 1— (i) 
SaR h 
cp 
B 
For a cone, we know that 
DRY .,.Ул 
Ron n 
h y 
A 
pyw 4x 
jen =e - 14% 3, 
уст j P: 5 


(a) 


P-45 


<> 


Moment of inertia of the cube about the 


: A M'a? 
givenaxis, J = шэн 


5 
wee) зам 


6 © BK 
(а) We know that |L] = mr, 
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— 
о 
se 
5 


у} 
а алу 
а 
1 x B 
в a у 
Y 
Эче ж--а- X 34. (c) Torque at angle @ 
42 те Mgsin0-2 


In none of the cases, the perpendicular 


R 
distance г, is (5+) 


32. (c) As shown in the diagram, the normal 
reaction of AB on roller will shift towards 


0. 
This will lead to tending of the system of Also t= Ja 
cones to turn left. i 
B D жээ 
MP snl 1 
—.a- = “Ioa 
q 5 «7 Меп Син 
Be o ] Ja _ зїп 20, _ 3gsin0 
нг се о E" 
35. (d) Using parallel axes theorem, moment of 
А c inertia about *O* 


33. (c) As ме know, moment of inertia of a solid T= To + md? 


cylinder about an axis which is 
perpendicular bisector 
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36. (a) Let be the mass per unit area. 2 
= ЭМЕ ЭМК Ө-0МН S ay: 


2 
(1) 37. (d) Given that, the rod is of uniform mass 
density and AB = BC 


Let mass of one rod is m. 
Balancing torque about hinge point. 
mg(C,N) 


mel Ecos 222) 


The total mass of the disc 

-oxnRi-9M 
The mass of the circular disc cut 

2 
= exa(£) зах 8 =M 
3 9 

Let us consider the above system as а 
complete disc of mass 9M and a negative 


mass M super imposed on it. 
Moment of inertia (/,) of the complete 


1 
disc = ES about an axis passing. 


through O and perpendicular to the plane. 
of the disc. 

МІ. of the cut out portion about an axis 
passing through O' and perpendicular to 
the plane of disc 


E 3 
= Гама ( 3 LI 
2 3 2 
МІ. (1,) of the cut out portion about ёсний. 1 
an axis passing through О and 3 
perpendicular to the plane of disc 38. (c) Distance of c.m from m/2 
d any P gemxt 
 SPEES a 
2 3 3 m 
+m 
2 


[Using perpendicular axis theorem] 
2 The total МЈ. of the system about an 
axis passing through О and perpendicular 
to the plane of the disc is 
1-1 54, 


At the mean position 


2 2 ir 
2 Ш 28° 

= foun? ем) +m (74) | 2 
E: 2 3 3 А 


ст 


2 1,2 
o = —K05 
299 
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3k Q2 


2 
w= 
m 


As we know, o = 


Tension in the rod when it passes through the 


mean position, 


= ma? =n 258 
з Lm? 


39. (d) Work done by torque is responsible for 


change in kinetic energy. 
dÆ epu 289 


1 2 
40. (с) mgh= qmd +07 


For ring +h 22 (7. K =R) 


For solid cylisnder, 7 «3 


3 
For solid sphere, hel | к | 


3 7 
Ratio of heights LX i 


4l. (a) When the bob covered a distance "I 


А 1.2.1055 
Using mgh =m? +270 


Physics 


mr 
шог)” E xo 


1 
2 


= orno slipping) 


¢ 
3 
=> mgh = =" 2 


vi s. Les 


.(d 2.5kg 


(0, 4) 


4em| М?°т 


1.0 kg! 1.5 kg 
0,0 39" Gy 


тух + туху + туху 
m +m +m 


_1x0+1.5x3+2.5x0_1.5x3 
di 1+1.5+2.5 5 


m +m + тз 


1х0+1.5х0+2.5х4 
ын 1+1.5+2.5 


4 
=2ст 


Hence, centre of mass of system is at 
point (0.9, 2) 
Moment inertia ofthe rod passing through 


1 
a point away from the centre of the rod 7 


171g * m 
2 2 2 
== M Vu -mM 
12 16] 48 
Using / - MK? m (K = radius of 


gyration) 


>x- E 
a 


(^ 
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Gravitation 


The kinetic energy needed to project a body of 
mass m from the earth surface (radius А) to infinity 
is 12002] 

(а) mgR/2 (b) 2mgR 

(c) той (d) mgRA. 

If suddenly the gravitational force of attraction 
between Earth and a satellite revolving around 
it becomes zero, then the satellite will [2002] 

(a) continue to move in its orbit with same 
velocity. 

move tangentially to the original orbit in 
the same velocity 

(c) become stationary in its orbit. 

(d) move towards the earth 

Energy required to move a body of mass m from 
an orbit of radius 2А to 3R is 12002] 

(a) GMm/12R? (b) GMm/3R? 

(c) GMm/8R (d) GMm/6R. 

The escape velocity of a body depends upon 


(b) 


mass as 12002] 
(а) n (b) m! 
(с) от? (d) т 


The time period ofa satellite of earth is 5 hours. 
If the separation between the earth and the 
satellite is increased to 4 times the previous 
value, the new time period will become [2003] 
(а) 10 hours (b) 80 hours 

(c) 40 hours (d) 20hours 

Two spherical bodies of mass Mand 5M & radii R 
& 2R respectively are released in free space with 
initial separation between their centres equal to 
12 R. If theyattract each other due to gravitational 
force only, then the distance covered by the 


smaller body just before collision іѕ [2003] 
(а) 25R (b) 45R 
(с) 75R (d) L5R 


10. 


п. 


22 


The escape velocity for a body projected vertically 
upwards from the surface of earth is 11 km/s. If 
the body is projected at an angle of 45°with the 


vertical, the escape velocity will 12003] 
(a) 112 к/з (b) 22km 

n 
(c) Пк (d pms 


А satellite of mass m revolves around the earth of 
radius Ё at a height x from its surface. If g is the 
acceleration due to gravity on the surface of the 
earth, the orbital speed of the satellite ів [2004] 


SQ ER gR 
@ I O 021 

( gR? yos 
© gr @ вх) 


The time period ofan earth satellite in circular 

orbit is independent of 2004] 

(а) both the mass and radius of the orbit 

(b) radius of its orbit 

(c) the mass of the satellite 

(d) neither the mass of the satellite nor the 
radius of its orbit. 

If *g' is the acceleration due to gravity on the 

earth’s surface, the gain in the potential energy 

ofan object of mass от” raised from the surface 

of the earth to a height equal to the radius *R' of 


the earth is 12004] 
@) qne ©) gui 
(с) 2mgR (d) mgr 


Suppose the gravitational force varies inversely 
as the nth power of distance. Then the time period 
ofa planet in circular orbit of radius “А” around the 
sun will be proportional to [2004] 


єр 
£ 


(b) 


(e) @ 


Р-50 


14. 


16. 
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Thechange in the value of*g ata height *h’ above 
the surface of the earth 1s the same asat a depth “а 
below the surface of earth. When both ‘a and */” 
are much smaller than the radius of earth, then 


which one ofthe following is correct? — [2005] 
3h h 

@) 4-2) ® 4-2 

(с) d-h (d) d-2h 


A particle of mass 10 g is kept on the surface of 
a uniform sphere of mass 100 kg and radius 10 
cm. Find the work to be done against the 
gravitational force between them to take the 
particle far away from the sphere 12005] 


(you may take G=6.67* 10 |! Nm? /kg?) 
(b) 1334x 1079 J 


(d) 667% 1077 1 
[2005] 


(а) 33x 10719] 


(с) 667x10" J 
Average density of the earth 

(а) isa complex function of g 
(b) does not depend on g 

(c) is inversely proportional to g 
(d) is directly proportional to g 
A planet in a distant solar system is 10 times 
more massive than the earth and its radius is 10 
times smaller. Given that the escape velocity from 
the earth is 11 km s~!, the escape velocity from 


the surface of the planet would be [2008] 
(а) Likmst (b) 11kms? 
(с) llOkms! (d) 0.1. kms 


This question contains Statement-1 and 
Statement-2. Of the four choices given after the 
statements, choose the one that best describes 
the two statements. 12008] 
Statement-1 : For a mass Mkept at the centre of 
a cube of side ‘a’, the flux of gravitational field 
passing through its sides 4 л GM. and 
Statement-2: If the direction ofa field due toa 


point source is radial and its dependence on the 
1 


distance *у” from the source is given a: нэ 


flux through a closed surface depends only on 
the strength of the source enclosed by the 
surface and not on the size or shape of the 
surface. 

(a) Statement -1 is false, Statement-2 is true 
(b) Statement -1 is true, Statement-2 is true; 
Statement -2 is a correct explanation for 
Statement-1 

Statement -1 is true, Statement-2 is true; 
Statement -2 is not a correct explanation 
for Statement-1 

Statement -1 is true, Statement-2 is false 


(с) 


(9) 


17. 


18. 


19. 


20. 


22. 


Physics 
The height at which the acceleration due to 


gravity becomes S (where g= the acceleration 


due to gravity on the surface of the earth) in 
terms of R, the radius of the earth, is [2009] 


R 
(a) 7 (b А/2 
(c) VIR (d 2R 


Two bodies of masses m and 4 m are placed ata 
distance r. The gravitational potential at a point 
on the line joining them where the gravitational 


field is zero is: [2011] 
4Gm 6Gm 

Ө эш 
9б! 

о - (d) zero 


Twoparticles of equal mass ‘m’ go around a circle 
of radius R under the action of their mutual 
gravitational attraction. The speed of each particle 


with respect to their centre of mass is [2011 RS] 
[Gm Gm 


© Var © VaR 
© J= o 9" 
9 VOR R 


The mass of a spaceship is 1000 kg. It is to be 
launched from the earth's surface out into free 
space. The value of g and R (radius of earth) are 
10 m/s? and 6400 km respectively. The required 
energy for this work will be 12012] 
(a) 6.4 х I0! !Joules (b) 6.4 x 108 Joules 

(c) 6.4 х 109 Јошеѕ (d) 6.4 x 10!? Joules 
What is the minimum energy required to launch 
a satellite of mass m from the surface ofa planet 
of mass M and radius R in a circular orbit at an 


altitudeof 2R? [2013] 
@ 5GmM Ф 2GmM 
› 6R 3R 
GmM GmM 
(9) 
(с) OR (d) 2R 


Four particles, each of mass M and equidistant 
from each other, move alonga circle of radius R 
under the action оГ their mutual gravitational 
attraction. The speed of each particle 15:12014| 


a JSM 

(a) R 
GM 1 

© VR (1242) @ 5) 


(b) 
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23. Froma solid sphere of mass M and radius R, a 
spherical portion of radius R/2 is removed, as 
shown in the figure. Taking gravitational 
potential V — 0 at r = co, the potential at the centre 
of the cavity thus formed is : [2015] 
(G = gravitational constant) 


-2GM —2GM 
G = 6) -o 
-GM -GM 
OR @ = 


24. А satellite is revolving in a circular orbit at a 
height'h' from the earth's surface (radius of earth 
R; h << В), The minimum increase in its orbital 
velocity required, so that the satellite could 
escape from the earth's gravitational field, is close 
to : (Neglect the effect of atmosphere.) [2016] 


@) Jgr72 () 448(42-1) 
© \2gk @ К 


25. The variation of acceleration due to gravity g 
with distance d from centre of the earth is best 


represented by (R = Earth's radius); — [2017] 


Dus 


26. А particle is moving with a uniform speed in a 
circular orbit of radius R in a central force 


Answer Key 


27. 


28. 


29, 


inversely proportional to the п power of R. If 

the period of rotation ofthe particle is T, then: 
12018] 

(а) To R32 foranyn.(b) To R^?! 

() Тоо 92 — (d Тов 

Ifthe angular momentum ofa planet of mass m, 

moving around the Sun in a circular orbit is L, 

about the center ofthe Sun, its areal velocity is: 


12019] 
L p E wWla 21 
e m e m © 2m Ф т 


A solid sphere of mass “М” and radius ‘a’ is 
surrounded by a uniform concentric spherical 
shell of thickness 2a and mass 2M. The 
gravitational field at distance “За” from the centre 


will be: 12019] 
2GM GM 

(a) 9a? 5 52 
GM 

© Y (d) 


A satellite of mass т is launched vertically 
upwards with an initial speed и from the 
surface ofthe earth. After it reaches height R 
(R = radius of the earth), it ejects a rocket of 
mass sothat subsequently the satellite moves 
in a circular orbit. The kinetic energy ofthe 
rocket is (G is the gravitational constant; M. 
is the mass of the earth): 12020] 


т( 2, 1136М 
@ xU on | 


b E LIEN) 
e 00 R 

Эв, POM 
(c) 8 6К 


LI ? 
© 25 3R 


па он веза шан нэн oo ee 


| 15 | 


IVE/BECHECHECYETHECHECHEZSICENCHESS E-EECI il 
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Physics 


cC Solutions 25 


acc s 
KE- m 
Here v, = escape velocity is independent 
of mass of the body 

Escape velocity, v, = J2gR 
Substituting value of v, in above equation 
we get 


KE- 1 mx 2gR = mgR 


Due to inertia of motion it will move 
tangentially to the original orbit with the 
same velocity. 
Gravitational potential energy of mass m in 
an orbit of radius R 
GMm 
R 
Energy required = potential energy at 3R. 
potential energy a 2R 


-GMm _ ( 26м") 


== 


3R 2R 
_ 20м" _GMm 
3R 2R 
| -2GMm+3GMin _ GMm 
6R 6R 
2GM 
Escape velocity, ve = {288 = | 
0.9% по 


Where M, Rare the mass and radius ofthe 
planet respectively. Clearly, escape 
velocity is independent of mass of the 
body 


According to Kepler's law of periods 
pe RÈ 


8-0) 


"E 2) 
R 


=5 22 = A0 hours 


(c) Weknow that 


Force = mass х acceleration, 


M——— 9R ———» 
Qe e) 


к---128----ын 


The gravitational force acting on both the 
masses is the same. 


F-F, 
ma, = ma; 
9M s 
> уи Е 
9M 1 
> 95M 5 


Let / be the time taken for the two masses 
to collide and хуу ху be the distance 
travelled by the mass 5M and M 
respectively. 

For mass 5M. 

u=0, 


1 
S-ute at 
2 


i) 
For mass M 
U=0,8=Xypl=t a= ay 
1 
=ш+та? 
2 
1 - 
Siu гам! 00) 


Dividing (ii) by (iii) 


Lo 
хум 2 79M ау 1 [From GI 
== [From(i 
x ам 5 
M ELT M 
5 5хзм =X div) 
From the figure itis clear that 
xot хул 9R о) 


Where О is the point where the two 
spheres collide, 


Gravitation 
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From (iv) and (v) 


x хм =9Ё 


Gr 45R 


хм =Ёк=тз# 


ve = eR 

Clearly escape velocity does not depend 
on the angle at which the body is projected. 
Gravitational force provides the necessary 
centripetal force. 

2. Centripetal force on a satellite = 
Gravitational force 


‚ту -н(9М) 
“(8 х) R? 


ту? 
(REx) 


=mg 
(А+л 


Where А + h = radius of orbit of satellite 
M= mass of earth. 
Time period is independent of mass of 


satellite. 14. 


On earth's surface potential energy, 
_ бтм 
UR 
Ata height R from the earth's surface, РЕ. 
otsysem Gn. 
2R 
LIGmM бтм. 
2R Ree 
GmM 
2R 


=>AU= 


(©). Gravitational force, F= KR” 

This force provides the centripetal force МЕ®? 
to the planet at height } above carth's surface. 
KR" = MRo? 


(4) 
=> o-KR 2 
E 


Tg 
Uu 


хана) 
y 1 
(4) Value of g with altitude is, 


LÀ 
B= SIR 


Value of g at depth d below earth’s surface, 


MES 
8a =8 R 


Equating в, and gy, we get d - 2h 
GM 


(с) Initial PE. U, n 


When the particle is far away from the 
sphere, the P.E. of the system is zero. 


U= 
W=4AU=U;-U; = epe 
R 
‚_ 6.67x10 !!x100. 10 
уг Өвлийг аны, ME 
0.1 1000 
=6.67 x 10:10] 
(d) Value of g on earth's surface, 
_ GM GpxV 
P 


бурхад 
3 


g ion where p — average density 


[238 ) 
P= E 


= pis directly proportional to g. 
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Physics 


15. (c) Escape velocity on earth, 


16. (у) Gravitational feta, E= -D 


Flux, = f E, -ds 


where, M — mass enclosed in the closed 


surface 


This relationship is valid when | Ё, | p. 


GM 
17. (d) On carth’s surface g= 7 
At height above earth’s surface 
GM 


h=2R 


18. (c) Let Pbe the point where gravitational field 


is zero. 
Gm | AGm 


(r-xy 


-—r-x-2x 


m P 4m 
ск== 

M — — га 
Gravitational potential at P, 
Gm 4Gm __9Gm 


т? r 
3 3 
As two masses revolve about the common 
centre of mass О. 
Mutual gravitational attraction = 
centripetal force 


If the velocity of the two particles with 
respect to the centre of gravity is v then 
у= оК 


Gm Ст 
у= ХЕ = „|— 
4R? 4R 


The work done to launch the spaceship 


.49 


The force of attraction of the earth on the 
spaceship, when it was on the earth's 
surface 


F- шин 
к? 
y me- ӨМ" _, g GM " 
mg cT > ro vee id 


Substituting the value of g in (i) we get 


y- gn 
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=> W=mgR 
= W= 1000 x 10 x 6400 x 10% 
=6.4 х 1019 Joule 


21. (а) As we know, 


Gravitational potential energy= 


and orbital velocity, v= YGM/R+h 
1 2 GMm | GM _GMm 
Er -2—-mv-— =: 
2 3R Ei 3R 3R 
шин E. ) -GMm 
3R A2 6R 
p 29м" k 
R 
EE, 
Therefore minimum required energy, 
_ 5GMm 
ET! 
22. (d) 2Есоз45°+ F'= (From figure) 
GM? GM? 
Where F = and Е'= == 
VZR 4R? 


2xGM? | GM? _ 
VRNI aR? 

"A2 
GM" =M? 

R 

P C A D 


23. (d) Due to complete solid sphere, potential 
at point P 


V, -OM| 5p? 


Sphere рз 


Due to cavity part potential at point Р 
GM 


3GM 
8R 


‘cavity 


2.3 8. 
Mom TRO 


m 


So potential at the centre of cavity 


АГ 
пом | зом) M 
8R 8 R R 
24. (b) Forh<<R, the orbital velocity is eR 
Escape velocity = J/2gR. 
л, The minimum increase in its orbital 
velocity 
= JIR - ав = JeR (42 - 
25. (b) Variation of acceleration due to gravity, g 
with distance *d" from centre ofthe earth 
IfdeRg- 
If 
Gm 
I deRg- n iega 7 
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26. (c) те? = Force «c E 


mv 
(Force= 


eee ол 
Timeperiod T = 25 
o 
ad 
Timeperiod, T «c R 2 


2 


mR TR 
27. (с) Areal velocity= т Олт) 
dà R L 
ub a aR. [^ 2 = тук] 
di dL 
dt 2m 


GM бом) _ GM. 


28. () Ep- T 
© dp Gay Ba? За? 


For a part on the surface of a spherical 
uniform charge distribution the whole mass 
acts as a point mass kept at the centre. 


Physics 


1 2,-GMm 1 3, -GMm 
smn + = ny? a 
2 R 


2R 
spo dat 
2 2R 
= E 
mxv 
5 "s -10v 
10 
m 
Ejecting a rocket ofmass то 
| 9n, [GM тү уэ Lg GM 
10 V2R 10 2R 


m ( 2 GM, 81 at) 
x D xL 
R 200 R 


= ( 2 u9 oM) 
= 5т| 2-29 
200 R 


E 
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Solids 


Mechanical 
Properties of 


A spring of force constant 800 N/m has an 
extension 05 cm. The work done in extending it 
from 5 cmto 15 emis [2002] 
(а) 161 ( 81 (c) 321 (d) 241 

A wire fixed at the upper end stretches by length 
£ by applying a force F. The work done in 


stretching is 12004] 
ш 2 Or o È (0022 
@ 2 ( ЁС () 52 @ 5 
If ‘S° is stress and “У is young's modulus of 
material ofa wire, the energy stored in the wire 
per unit volume is [2005] 
2 В 2% 
® эу (€) 257у (0 зу @ 2 


A wireelongates by / mm when a load Wis hanged 
from it. If the wire goes over a pulley and two 
weights W cach are hung at the two ends, the 
elongation of the wirewill be (іп пот) [2006] 
@ | OA © жт (d) /2 

Two wires are made ofthe same material and have 
the same volume. However wire 1 has cro 
sectional area А and wire 2 has cross-sectional 


Answer Key 


pe. 


area 34. Ifthe length of wire 1 increases by Ax оп 
applying force F, how much force is needed to 
stretch wire 2 bythe same amount? [2009] 
(а) 4F () 6F (с) 9F (d Р 
‘The pressure that has to be applied to the ends ofa 
steel wire of length 10 cm tokeep its length constant 
when its temperature is raised by 100°C is: 

(For steel Young's modulus is 2 х 10!! Nm? 


and coefficient of thermal expansion is 
1.1 x 10K) 12014] 
(а) 22x 108 Pa (b) 22x 109 Ра 
(с) 22x 107 Pa (d) 2.2* 106Pa 


A solid sphere of radius г made ofa soft material 
of bulk modulus K is surrounded bya liquid in a 
cylindrical container. A massless piston of area 
a floats on the surface of the liquid, covering 
entire cross-section of cylindrical container. 
When a mass m is placed on the surface of the 
piston to compress the liquid, the fractional 


САР 
decrement in the radius ofthe sphere (2) иет 


[2018] 
@ ть © 3mg ©) зка © Ka 


ыа а еы е ЕЕЕ ЕЕЕ 


cC Solutions 25 


1. 


(b) Given, Force constant, k= 800 N/m 
Initial extension, x, = 3cm 

Final extension, x, ст 

The work done is Stored as elastic potential 


energy which is given by 


1 2 
w= 5х9 Ф) 


ED 15) - (0057 | 


400 [(0.15 + 0.05)(0.15 -0.05)] 
= 400% 02 x0.1 =8J 
(d) Let А and Z be the area and length of the 
wire. 
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(а) 


(а) 


Work done by с 
the wire by a distance 
= change їп potential energy 


stant force in displacing 
ve l. 


1 
57% stress х strain х volume 


Ft Ft 


1 
= х ххх 
2 І 
Energy stored in the wire per unit volume, 
1 : 
E= ухзшезвхшп (i) 
We know that, 
_ stress 
strain 
stress 
= strain = 


On substituting ‘the expression of strain in 
equation (i) we get 


1 stress 
E- 5% Stress x 


E 
Y 
Case (i) 


At equilibrium, T= W 


WIA 
Young’s modules, Y 2— — d 1) 
5 UL ( 
суо ЖА 
longation, (= -7*7 
Case (ii) At equilibrium T= W 


— Elongation is the same. 
--10----» 


Wire (1) 


@) 


© 


Physics 


<= пә 
Wire (2) 
For wire 1 
Length, L. 
Area, Ay 
For wire 2 


гез are made of same material, so 
they will have same young's modulus. 
For wire 1, 

ЕГА 


E 
It 
D^ bá 
ҮЗА 1 
13) E 
From (i) and (11) we get, 
F (t F t БЕРЕ 
аа ЗА gag РЭР 
stress 


Young's modulus Y = 


strain 


stress = Y x strain 
Stress in steel wire = Applied pressure 
Pressure = stress = Y x strain 


Strain= АЁ LAT 
L 
(As length is constant) 
—2»10! x 1.1 x 105x 100-2.2 « 10* Pa 
volumetric stress 


Bulk modulus, К = нэ 
volumetric strain 


wi) 


volume of sphere, V = 3 ag? 
. . dV 3dr 
Fractional change in volume “= 


3dr mg 


Using eq. (i) & (ii) 
me 


Tor 3Ka Ре 
(fractional decrement in radius) 


> 


» 


* 
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Mechanical 


Properties 


of Fluids 


A cylinder of height 20 m is completely filled 
with water. The velocity of efflux of water 
(in ms?) through a small hole on the side wall of 


the cylinder ncar its bottom is 12002] 
(a) 10 (b) 20 
(c) 255 (d) 5 


Spherical balls of radius *A" are falling in a 

viscous fluid of viscosity ‘n’ with a velocity ‘v’. 

The retarding viscous force acting on the 

spherical ball is [2004] 

(a) inversely proportional to both radius “К” 
and velocity “у” 

(b) directly proportional to both radius “А” and 
velocity ^ 

(c) directly proportional to “8” but inversely 
proportional to *v^ 

(d) inversely proportional to ‘R° but directly 
proportional to velocity “у” 

If two soap bubbles of different radii are 

connected by a tube. [2004] 

(a) air flows from the smaller bubble to the 
bigger 

(b) air flows from bigger bubble to the smaller 
bubble till the sizes are interchanged 

(c) air flows from the bigger bubble to the 
smaller bubble till the sizes become equal 

(d) there is no flow ofair. 

A 20 cm long capillary tube is dipped in water. 

The water rises up to 8 cm. If the entire 

arrangement is put ina freely falling elevator the 

length of water column in the capillary tube will 

be [2005] 

(а) 10cm (b) 8 em 

(с) 20cm (d) 4cm 


3d 


2 
Ifthe terminal speed ofa sphere of gold (density 
= 19.5 kg/m?) is 0.2 m/s in a viscous liquid (den- 
sity = 1.5 kg/m), find the terminal speed of a 
sphere of silver (density = 10.5 kg/m?) of the 
same size in the same liquid [2006] 
(а) 04m/s (b) 0.133 m/s 

(c) 0.1 m/s (d) 02m/s 

A spherical solid ball of volume Vis made ofa 
material of density рү. It is falling through a liquid 
of density p, (p,* p,). Assume that the liquid 
applies a viscous forec on the ball that is 
proportional to the square of its speed 


v Le, Ficou =K? (o7 0). The terminal speed 
of the ball is 12008] 
Ve(py —рз) Уер 
() ү?” gy A 
Үер, Ve(py - p2) 
€ ү (d x 


A jar is filled with two non-mixing liquids 1 and 2 
having densities p, and, p, respectively. A solid 
ball, made ofa material of density p,, is dropped 
in the jar. It comes to equilibrium in the position 
shown in the figure. Which of the following is 
true for ру, pand p,? 12008] 


(6) р> Ps > Pr 
(d PiS P <P 


(а) р;<р,<р, 
(с) PiS P «р, 
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А capillary tube (A) is dipped in water. Another 
identical tube (B) is dipped in а soap-water 
solution. Which of the following shows the 
relative nature of the liquid columns in the two 
tubes? 12008] 


(5) 


(9 


А ball is made ofa material of density p where 


Poit < Р < Pwater With Poit and руат represe- 
nting the densities оГой and water, respectively. 
The oil and water are immiscible. If the above 
ball is in equilibrium in a mixture ofthis oil and 
water, which ofthe following pictures represents 
its equilibrium position ? 12010] 


12. 


Physics 


Work done in increasing the size of a soap 
bubble from a radius of 3 cm to 5 cm is nearly 
(Surface tension of soap solution = 0.03 Nm”) 
qon] 
(a) 025m] (b) 2xmJ 
(c) 04nmI (4) 4xm] 
Water is flowing continuously from a tap having 
an internal diameter 8 х 10? m. The water 
velocity as it leaves the tap is 0.4 ms-'. The 
diameter of the water stream at a distance 
2x10 mbelowthetapiscloseto: — [2011] 
(à 75*10?m (Ы) 9.6x10?m 
© 36*10?m (d 50x10?m 
Two mercury drops (each of radius *r^) merge to 
form bigger drop. The surface energy of the 
bigger drop, if T is the surface tension, is : 
[2011 RS] 
@) Am?T () 22027 
(с) 2352т (d) rT 
Ifa ball ofsteel (density р = 7.8 g cm) анаїпза 
terminal velocity of 10 ст 57! when falling in 
water (Coefficient of viscosity water = 8.5 х 
107 Ра), then, its terminal velocity in glycerine 
(p= L.2gcm?, n 2132 Pa.s) would be, nearly 
[2011 RS] 
(а) 625*10^ems"(b) 6.45 x lO ems! 
(с) 15*10%ems!(d) 1.6х 10Sems* 
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14. A thin liquid film formed between a U-shaped the vessel. If r << R and the surface tension of 
Wire and a light slider supports a weight of 1.5 х water is T, value of r just before bubbles detach 
102 № (see figure), The length of the slider is is: (density of water is p,) [2014] 
30 cm and its weight is negligible. The surface 
tension of the liquid film is [2012] 


(a) 0.0125 Миг! (b) 0.1 Маг" 
(c) 0.05 Nm! (d) 0.025 Nm! 

15. There is a circular tube in a vertical plane. Two 
liquids which do not mix and of densities d, and 
d, are filled in the tube. Each liquid subtends 90° 
angle at centre. Radius joining their interface 


2 un 
makes an angle a, with vertical, Ratio ~- 17. “An open glass tube is immersed in mercury in 


i 12014| such a way that a length of 8 cm extends above 

the mercury level. The open end of the tube is 
then closed and sealed and the tube is raised 
vertically up by additional 46 cm. What will be 
length of the air column above mercury in the tube 


now? 
(Atmospheric pressure = 76 cm of Hg) [2014] 
(a) 16 cm (b) 22 cm 

(c) 38 em (d) бош 


18. A man grows into a giant such that his linear 
dimensions increase bya factor of 9. Assuming 
that his density remains same, the stress in the 
leg will change by a factor of 12017] 


(a) 1 
а (b i (с) 9 (d 5 
1+tana 81 9 

OA tana 19. If*M’ is the mass of water that rises in a capillary 


tube of radius ‘r’, then mass of water which will 
rise in a capillary tube of radius 2r" is : [2019] 


16. — On heating water, bubbles being formed at the 
bottom of the vessel detach and rise. Take the Е 
bubbles to be spheres of radius R and making a : M у. 
circular contact of radius r with the bottom of GM 9c" dM (2M 

wer Key 

RR EEE EA Sao 

@ | (0 | o о | 09 Ге 0 | (ба 

16 | 17 | 18 


(c) 
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Physics 


b) 


b) 


@) 


cC 


Solutions 


25 


Given, Height of cylinder, h-20 cm 
Acceleration due to gravity, g-10 ms 
Velocity of efflux 


Where / is the height of the free surface of 
liquid from th e hole 


=> v= 42x10x20 220m/s 


From Stoke's law, force of viscosity acting 
on a spherical body is 

Е = блу 

hence F is directly proportional to radius 
& velocity. 

Let pressure outside be P, and галд R be 
the radius of smaller bubble and bigger 
bubble respectively. 


2T 
2. Pressure Р, For smaller bubble = Л, h` 


P, For bigger bubble = Ру m (А>) 


~R >Р 
hence air moves from smaller bubble to. 
bigger bubble. 

Water fills the tube entirely in gravityless 
condition i.e., 20 cm. 

Given, 

Density of gold, p= 19.5 kg/m 
Density of silver, 
Density of liquid, c 


Terminal velocity, Ур = 


. Уз (05-15) 


(19.51.5) 


"02 


6. 


(а) When the ball attains terminal velocity 
Weight of the ball = Buoyant force + 
Viscous force 


ғ, В-Уруш 


WV g 


2 Vog = pag +k? = Ve(pi-p2)g = kv? 


As liquid 1 floats over liquid 2. The lighter 
liquid floats over heavier liquid. So, 


Pi <P2 

Also p, < р, because the ball of density 
р; does not sink to the bottom of the jar. 
Also p, > р otherwise the ball would have 
floated in liquid 1. we conclude that 

Pi < Ps < Pr 

In case of water, the meniscus shape is 
concave upwards. From ascent formula 


© 


2acos0 

rpg 
The surface tension (о) of soap solution 
is less than water. Therefore height of 
capillary rise for soap solution should be 
less as compared to water. As in the case 
of water, the meniscus shape of soap 
solution is also concave upwards. 
Oil will float on water so, (b) or (d) is the 
correct option, But density of ball is more 
than that of oil,, hence it will sink in oil. 
Work done = increase in surface area х 
surface tension 
=> W-2TA((5)-Gy]» 10+ 
20.03 x 4n [25-9] x 10^] 
= 04nx 102] - 04x ml 
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© 


© 
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Using Bernoulli's theorem, for horizontal flow 


л ре +0 


vy = үр + 20 = 0:162 х10 х0.2=203п\® 


According to equation of continuity 


Ay, 7 Aw, 


=> D,-D, Jt 
As volume remains constant 

<. Sumof volumes of2 smaller drops 

= Volume of the bigger drop 

4 3 4 oy 
2.2 лт? = nR? 225, 

3 QU э R-M5, 
Surface energy = Surface tension x Surface 
area= T Anf? 
= Т4т2?'3„ 


When the ball attains terminal velocity 
Weight of the ball = viscous force + 
buoyant force 


Ура = ormv+V pig 


= Vg(p-p,)- блу 


Also Ре(р—р)=блгу' 


Уг Ф—Ёё) р, 
(р-р) 
pra PPO m 
(р-р) n 
10x8.5x104 
(78-1) 13.2 


у'= 6.25 х107* стз 


14. 


Р-63 


@ Let T is the force due to surface tension 


© 


per unit length, then 
F-2IT 


1= length of the slider. 
At equilibrium, F= W 
2. 2Tl=mg 


— 13 <o.005Nnr! 
201 2x30x107 60 


Pressure at interface A must be same from 
both the sides to be in equilibrium. 


(Reosa+ Rsin a)dyg 
= (Ксоѕа – Rsin a)d,g 


а 


oso sing 1+1апа 


d)  сова-яна l-tana 


When the bubble gets detached, 
Buoyant force — force due to surface tension. 


Force due to excess pressure = upthrust 


2T 
Access pressure in air bubble = —- 


PET; uA 
R 3T wE 


4 
2R" pw: 
2 Руё 


18. (с) 
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Length ofthe air column above mercury in 
the tube is, 


=> P=(76-x) 

= 8x Ax 76=(76—x)* A х(54—х) 
х=38 

Thus, length of air column 

—54-38- 16cm. 

As linear dimension increases bya factor of 9 


Density remains same 
So, mass « Volume 


Physics 


(Area); s 


(Area), 


force _ (mass)xg 


Stress (в) = 
area || area 
o, (mj 
«ЛАД 
2T сов9 
19, @ Wehave,h= =g 
Mass of the water їп the capillary 


2Tcos0 
X7 0. 
rpg 


» 


n 
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Thermal Properties: 


of Matter 


D 


Heat given to a body which raises its temperature 

by 1°C is 12002] 

(a) water equivalent 

(b) thermal capacity 

(c) specific heat 

(d) temperature gradient 

Infrared radiation is detected Бу 12002] 

(a) spectrometer (b) pyrometer 

(c) nanometer (d) photometer 

Which ofthe following is more close to a black 

body? 12002] 

(a) black board paint 

(b) green leaves 

(c) black holes 

(d) red roses 

If mass-energy equivalence is taken into 

account, when water is cooled to form ice, the 

mass of water should 12002] 

(a) increase 

(b) remain unchanged 

(c) decrease 

(d) first increase then decrease 

Two spheres of the same material have radii 1 m 

and 4 m and temperatures 4000 K and 2000 K 

respectively. The ratio of the energy radiated 

per second by the first sphere to that by the 

second is [2002] 

(a) 1:1 (b) 16:1 (c) 4:1 (d) 1:9. 

The earth radiates in the infra-red region of the 

spectrum. The spectrum is correctly given by 
[2003] 

(a) Rayleigh Jeans law 

(b) Planck's law of radiation 

(c) Stcfan's law of radiation 

(d) Меп” law 


52 


According to Newton's law of cooling, the rate 
of cooling of a body is proportional to (AQ)", 
where АӨ is the difference of the temperature of 
the body and the surroundings, and n is equal to 
[2003] 
(a) two (b) three 
(c) four (d) one 
If the temperature of the sun were to increase 
from Tto 2T and its radius from R to 2R, then the 
ratio of the radiant energy received on earth to 
what it was previously will be [2004] 
@ 2 (b l6 (04 (d бв 
The temperature of the two outer surfaces of a 
composite slab, consisting of two materials 
having coefficients of thermal conductivity K 
and 2K and thickness x and 4x, respectively, are 
Ty and T; (T; > Д). The rate of heat transfer 
through the slab, in a steady state is 


АСЪ -Ћ)К 


Г. with fequal to 12004] 


^ | ж T 


(a) 


PI 
© 
е 

1 


Р-66 
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Physics 


The figure shows a system of two concentric 
spheres of radii r, and r, are kept at temperatures 
T, and Т, respectively. The radial rate of flow of 
heat i in a substance between the two concentric 
spheres is proportional to 12005] 


92 


(m) 
(a) “7? (b) 
"(2) 
© ©) (d ——— 
(3-0) 
Assuming the Sun to he a spherical body of 


radius R at a temperature of ТК, evaluate the 
total radiant powerd incident of Earth at a 
distance r from the Sun [2006] 


4 4 
T : 

@ 4wjR^o— o) mR o> 
r r 


2,2. Т i 
© gre a O № 9-3 
where r, is the radius of the Earth and c is 
Stefan's constant. 
Two rigid boxes containing different ideal gases 
are placed on a table. Box A contains one mole 
ofnitrogen at temperature Т,, while Box contains 


2 
one mole of helium at temperature | 5 To. The 


boxes are then put into thermal contact with each 
other, and heat flows between them until the 
gases reach a common final temperature (ignore 
the heat capacity of boxes). Then, the final 
temperature of the gases, 7, in terms of 7, is 


12006] 
3 7 
T, 27 T; 2I 
@ Ту=-% (b) 3h 
3 EE 
© Tj; 7227s @ T=5% 


Oneend ofa thermally insulated rod is kept at a 
temperature 7, and the other at 7}. The rod is 
composed of two sections of length /, and /, 
and thermal conductivities Кү and К, 
respectively. The temperature at the interface of 
the two section is [2007] 


14. 


15. 


16. 


(a) 


(5) 


(© 


(КТ, KG) 

(Ку + Kah) 
A long metallic bar is carrying heat from one of 
its ends to the other end under steady-state. 
The variation of temperature Ө along the length 
x of the bar from its hot end is best described by 


(d) 
which ofthe following figures? 12009] 
8 8 
(a) (b) 
x x 
ө 0 
(c) (d) 
x x 


100g of water is heated from 30°С to 50°С. 
Ignoring the slight expansion of the water, the 
change in its internal energy is (specific heat of 


water is 4184 J/kg/K): 12011] 
(а) 8.4kJ (b) 84kJ 
(c) 2.1kJ (d) 42kJ 


The specific heat capacity of a metal at low 
temperature (T) is given as 
3 
(д) 

400. 
А 100 gram vessel of this metal is to be cooled 
from 20°K to 4°K by a special refrigerator 
operating at room temperature (27°С). The 
amount of work required to cool the vessel is 

[2011 RS] 


ENT 
C, IK kg 
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(а) greater than 0.148 k] 
(b) between 0.148 kJ and 0.028 KJ 

(c) lessthan 0,028 kJ 

(d) equal to 0.002 kJ 

A wooden wheel of radius R is made of two 
semicircular part (see figure). The two parts are 
held together by a ring made оЃа metal strip of 
cross sectional area Sand length L. Z is slightly 
less than 2x. To fit the ring on the wheel, it is 
heated so that its temperature rises by AT and it 
just steps over the wheel. As it cools down to 
surrounding temperature, it presses the 
semicircular parts together. If the coefficient of 
linear expansion of the metal is a, and its 
Young's modulus is ¥, the force that one part of 
the wheel applies on the other part is: [2012] 


(а) 2nSYaAT (b SYaAT 

(с) л$УоАТ (d) 2SYaAT 

A liquid in a beaker has temperature 0(¢) at time 
t and 0, is temperature of surroundings, then 
according to Newton's law of cooling the correct 
graph between їюв,(0-0,) and ris: [2012] 


(a) (b) 


© log. (0 —9)) 


=> 


(с) 


= 


oF log, (00-09) 
є 
Plog, (00-00 


= 


Ifa piece of metal is heated to temperature 0 and 
then allowed to cool in a room which is at 
temperature Өр, the graph between the 
temperature T of the metal and time t will be 
closest to 12013] 


20. 


21. 


22. 


Three rods of Copper, Brass and Steel are welded 
together to form a Y shaped structure. Area of 
cross - section of each rod = 4 cm?. End of 
copper rod is maintained at 100°C where as ends 
of brass and steel are kept at 0°C. Lengths of the 
copper, brass and steel rods are 46, 13 and 12 
cms respectively. The rods are thermally 
insulated from surroundings excepts at ends. 
Thermal conductivities of copper, brass and 
steel are 0,92, 0.26 and 0.12 CGS units 
respectively. Rate of heat flow through copper 


rod is: 12014] 
(а) 12cal/s (b) 2.4cal/s 
(c) 4.8cal/s (d) 6.0cal/s 


Consider a spherical shell of radius R at 
temperature T. The black body radiation inside it 
can be considered as an ideal gas of photons 


U 
with internal energy per unit volume u = уу 2 


T and pressure v=2(¥). If the shell now 
undergoes an adiabatic expansion the relation 
between T and R is : [2015] 


1 
@) Tex @ Те 


(с) Тое (d) To eR 


A pendulum clock loses 12 s a day if the 
temperature is 40°C and gains 4 s a day if the 
temperature is 20°C. The temperature at which 
the clock will show correct time, and the co- 
efficient of linear expansion (о) of the metal of 
the pendulum shaft are respectively: [2016] 


(а) 30°С; a= 1.85 x 104/°C 


(b) 55°С; a= 1.85 x 102/^C. 
(с) 25°C; a=1.85 x 10-5°С 
(d) 60°С; a=1.85 x 10-4/°C 


Р-68 
23. 
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A copper ball of mass 100 gm is at a temperature 
T. It is dropped in a copper calorimeter of mass 
100 gm, filled with 170 gm of water at room 
temperature. Subsequently, the temperature of 
the system is found to be 75°С. T is given by 
(Given : room temperature = 30° C, specific heat 


of'copper = 0.1 cal/gm?C 12017] 
(a) 1250°С (b) 825°C 
(c) 800°C (d) 885°C 


An external pressure P is applied on a cube at 
0°С so that it is equally compressed from all 
sides. K is the bulk modulus of the material of 
the cube and а is its coefficient of linear 
expansion, Suppose we want to bring the cube 
to its original size by heating. The temperature 


should be raised by : 12017] 
@ 28 b) ЗРК, 
a) oR (b) 3PKa 
NE у m 
© зк O ак 


А rod, of length 1. at room temperature and 
uniform area of cross section A, is made of a 
metal having coefficient of linear expansion o/ 
°C. It is observed that an external compressive 
force F, is applied on each of its ends, prevents 


26. 


any change in the length of the rod, when its 
temperature rises by AT К. Young's modulus, Y, 


for this metal is: 12019] 
F F 

G АвлАТ O Хо(АТ-273) 
F 2F 


© зАсАТ © AGAT 


Temperature difference of 120°C is maintained 
between two ends ofa uniform rod AB of length 
2L. Another bent rod PQ, of same cross-section 
as AB and length , is connected across AB (See 
figure). In steady state, temperature difference 


between P and Q will be close to: [2019] 


zn 


p*t— —L———-0Q | 


(а) 45°C (b) 75C (с) 6C (4) 35°С 


27. ^ non-isotropic solid metal cube has coefficients 


of linear expansion as: 5 э 10 5/“С along the x-axis 
and 5 х 10 7C along the y and the. Ifthe 
coefficient of volume expansion of the solid is 
Cx 10°C then the valueofCis___. [2020] 


Answer Key 


|1|213|а4|5 | 6 | 7 в [о [io] a] 1233 | 14 | 15 | 
ао Го Го Го га Го Го а ъ=] wf wla] 


(b) Heat required for raising the temperature 
ofa body through 1°C is called its thermal 
capacity. 

(b) Pyrometer is used to detect infra-red 
radiation. 

(a) Black body isone which absorb all incident 
radiation. Black board paint is quite 
approximately equal to black bodies. 


(c) When water is cooled at 0°C to form ice, 
energy is released from water in the form of 
heat. As energy is equivalent to mass, 
therefore, when water is cooled to ice, its 
mass decreases. 

(a) From stefan's law, the energy radiated per 
second is given by E = eoT* А 
Here, T= temperature of the body 
А = surface area of the body 


$ @ 
T @ 
& @ 
9» @ 
10. 
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For same material e is same. c is stefan's 
constant 


Let T, and T, be the temperature of two 
spheres. A, and A, be the area of two 
spheres. 


В| _ TA 4m 
2 TA Ту4т 


_ 00000) 12 1 


7 Qoo'x4? 1! 
Wein's law correctly explains the spectrum 
From Newton's law of cooling 


90 
== æ (A8; 
qc = (40) 


From stefan's law, energy radiated by sun 
per second 


E=oAT*; 
л Ао R? 
ЛЕ КТА 
„ЕЮ RE 
UB ORT 
ршЁ,-28,8,-8:1,-21,Т,-Т 
" 
E QR OY а 
E Т 


The thermal resistance is given by 
x 4x ХФ 2x a 3X 
at 
КА 2KA KA KA KA 
Amount of heat flow per second, 
40 АТ (Т -1)КА 
dt 3x 


KA 
uo sjal 
ub x 3 


T-dT 


"m 


Consider a thin concentric shell of 
thickness (dr) and of radius (7) and let the 
temperature of inner and outer surfaces of 
this shell be Tand (T— dT) respectively. 
The radial rate of flow of heat through this 
elementary shell will be 


dQ _ KAKT-dT)-T] —KAdT 
dt dr dr 
›4т 2 
--4nkr? 2 it 4 2 
тку? т (24-42) 


Since the area of the surface through which 
heat will flow is not constant. Integrating 
both sides between the limits of radii and 
temperatures of the two shells, we get 


” n 
(2a = аак | ar. 
ПИ 1 


401131 2 
d [ica] nnd 


dQ -AnKnn(T - Ti) 
a 22... cien 0-1) 
di [ 


Ba 
@ (m-n) 
From stefan's law, total power radiated by 
Sun, E= oT x 4л? 
The intensity of power Per unit area 
incident on earth's surface 


Т^ халк? 
4n? 
Total power received by Earth 


E 
Е = у х Cross~ Section area of earth 
Anr? 


тАк? 


с 
facing the sun= (л) 
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Physics 


@ 


(а) 


When two gases are mixed to gether then 
Heat lost by He gas = Heat gained by N, gas 


mC, AT, = nC, NT; 


3,7 5 
=R|—Ty-Ty |-28Т/-1, 
zalan- -jel n] 
Th -3T, = ST, - 5T 
ээ12Т,-8Тү T, -Pr 

27) =8Ту 2 Ту = To 

3 

>T; = 5h. 
Let ТЬе the temperature of the interface. 
In the steady state, О, = О, 
п б Ly T 


Ky Ky 
. KA -T) _ КАТ) 
ROUES C 
where A is the area of cross-section. 

> KAT -T)l = K ATED) 
> КДЕ - КТЕ, = КТС - Kot 


— (Kol) + Ки) = КТ; + КТ) 


= ONNA 
xi Kı Con, +K 
KiK ` 

Let О be the temperature at a distance x 
from hot end of bar. Let O is the temperature. 
of hot end. 

The heat flow rate is given by 


ао  k4(,-0) 
dí x 

x dQ х 40 

> 0 -@=—— —0-0,-—— 

8-67 ar ! kA dt 


Thus, the graph of Q versus.xisa straight line 
with a positive intercept and a negative slope. 
The above equation can be graphically 
represented by option (a). 


15. 


16. 


17. 


18. 


8) AU-AQ-mcAT 
. 100 

1000 

(d) Required work = energy released 


Here, Q = | тсат 


х 4184 (50 – 30) =8.4 kJ 


4 
-5x105 | Par 
20 


= 0.00247 
Therefore, required work = 0.002 kJ 


(d) The Young modulus is given as 
s F/S 

strain AL/T 

Неге, AL=2n ARL -21R. 

—— 1 

S2nAR 

_ ЕК 

TSAR 

The coefficient of linear expansion 

AR 


@= 
RAT 


Y К) 


ag A 27 
АК GAT @ 


From equation (i) and (ii) 


Y.S.aAT 


The ring is pressing the wheel from 
both sides, Thus 


F „=2F=2YS0AT 
(a) According to newton's law of cooling 
ад 
Z 0-0 
а (0-00) 
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TS 
(8-8) 
ө ГА 
[pm 
000-00) о 


= 10800-00) = 0 +с 
Which represents ап equation of straight 
line. 

Thus the option (a) is correct. 
According to Newton's law of cooling, the 
temperature goes on decreasing with time 
non-linearly. 

Rate of heat flow is given by, 

ке кле, —9›) 

Where, — coefficient of thermal 
conductivity 

1 = length of rod and A = area of cross- 
section of rod 


100°C 


Copper 


orc 0°С 


Ifthe junction temperature is T, then 


copper = Оһ Өз 


0.92x4(100-7) _ 6x4x(T —0) n 
46 » 13 
0.12x4x(T —0) 
12 
=> 200-2T-2T4T 
=> T=40°C 
0.92x 4x 60 
copper = л 4.8cal/s 
d 
38vó 
But = = КТ“ 
So, P-ikr* 
PES 3 


22. 


23. 
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WRT Ye 
ЧЕТ 1 = 
or "X--AKT' [AsPV=uRT] 


ipe — constant 
Therefore, Тэс + 
erefore, Тэс үе 


(c) Time lost/gained per day E А0 х 86400 


12- 


19640-0) 86400 0 


=540- 20) 86400 NC 


40-0 
On dividing we get, 3= 550 


-20 

30-60-40-0 

40 = 100 0 = 25°C 

Substituting the value of © in (i) we get 

2 21605) 

86400 2 

24 

a 
86400 x15 

> а =185x10° °С 


(d) According to principle of calorimetry, 
Heat lost = Heat gain 
100 x 0.1(T ~75)= 100 x 0.1 +45+170 x 1 45 
10 7-750 =450 + 7650=8100 
—T-75-810 
Т=885°С 


24. (c) Asweknow, Bulk modulus 


AvP 
p= SAE I S kir 
= VK 
V Pe 
VQ +үл) 
AV 
AV ON 
x ~ 
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^2(T,- T) 
‚ шум = м= Р.Р 
[4 ҮК Зак (18-10) -0 
. stress F/A ло 
25. (8) Young's modulus = упш (А70) H+ H,=H 


Using, coefficient of linear expansion, 


А алт 
( 
Е 
sY- 
A(aAT) 
26. (a) 
«—L —» 
4 Н! ^ 
PH 0 
А 
—Li—F <— —H* ux 
ALP, 
H=H,+H,, 
kA(T, - T») 
L/2 
XA(To - To). kA(Te - To) 
~. 31/2 L 
хоть) 


-S(r»- 19) «(re - 19) 


L/2 


Tp) -2(1»-10) li) 


From (i) & (ii) 
20, T, 20,-T,) 


B 


(r-T) 


Ть-Ту= E 120 = 45°С 


27. (60.00) УМоште,/=/Л 

AV АС Ab Ah 
=—+——+—— 

V t b h 
(у = coefficient of volume expansion) 

= y=5x105+5x106+5x 10-6 
=60 x 10 *^C 

= Value of С= 60.00 
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Thermodynamics 


Which statement is incorrect? 12002] 
(a) All reversible cycles have same efficiency 


(b) Reversible cycle has more efficiency than 
an irreversible one 

(c) Carnot cycle is a reversible one 

(d) Carnot cycle has the maximum efficiency 
in all cycles 

Even Carnot engine cannot give 100% efficiency 

because we cannot 12002] 

(a) preventradiation 

(b) find ideal sources 

(c) reach absolute zero temperature 

(d) eliminate friction 

“Heat cannot by itself flow from a body at lower 

temperature to a body at higher temperature" is 

a statement. or consequence of 12003] 

(a) second law of thermodynamics 

(b) conservation of momentum 

(c) conservation of mass 

(d) first law of thermodynamics 

During an adiabatic process, the pressure of a 

gas is found to be proportional to the cube of its 

absolute temperature. The ratio C,/C, for the 

gas is 12003] 
4 5 3 

@ 3 02 ©з @ 5 

Which of the following parameters does not 

characterize the thermodynamic state of 

matter? 

(a) Temperature (b) Pressure 

(c) Work (d) Volume 

A Carnot engine takes 3 х 106 cal of heat froma 

reservoir at 627°C, and gives it toa sink at 27°C. 


12003] 


The work done by the engine is 12003] 
(а) 421067 (b) 8.4 х 1067 
(c) 16.8 х 1087 (0) zero 


7. 


10. 


J ) 


Which of the following statements is correct. 
forany thermodynamic system? [2004] 
(a) The change in entropy can never be zero 
(b) Internal energy and entropy are state 
functions 
(c) The internal energy changes in all 
processes 
The work done in an adiabatic process is 
always zero. 
Two thermally insulated vessels 1 and 2 are filled 
with air at temperatures (7,, 7,), volume (J^, Уу), 
and pressure (P,, P,) respectively. If the valve 
joining the two vessels is opened, the temperature 
inside the vessel at equilibrium willbe [2004] 
(а) T,T(P,V, + PV(P VAT, + PVT) 
(b (7,+ T2 
(c) T+T 
(d) T TP V, + P VIP VT, + PVT; 
Which of the following is incorrect regarding 
the first law of thermodynamics? 12005] 
(a) It is a restatement of the principle of. 
conservation of energy 
(b) Itis not applicable to any cyclic process 
(c) It introduces the concept of the entropy 
(d) It introduces the concept of the internal 
energy 
A system goes from A to В via two processes 1 
and II as shown in figure. IfAU, and AU, are the 
changes in internal energies in the processes I 
and II respectively, then 12005] 


(d 


Р-74 


12. 


14. 
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Physics 
(a) relation between AU, and AU, can not be at pressure P, and temperature T}. If the 
determined partition is removed without doing апу work 
(b) AU,— AU, on the gas, the final equilibrium temperature 
(c) AU, = AU, AU; < AU, of the gas in the container will be 12008] 
(d) AU,» AU, ау AEG +В) 
The temperature-entropy diagram of a PVT, +P, 
reversible engine cycle is given in the figure. ЭРГЭВ 
Its efficiency is 12005] o 27211805 
T АИ + Ply 
AV Ty * ВУ, 
гт, (0 Ry + Pp 
To М, TT (AM +В) 
(D “RVR ERN 
s Directions for questions 16 to 18 : Questions are 
So 255 based on the following paragraph. 
J ig paragrapi 
1 1 2 1 Twomoles of helium gas are taken over the cycle 
(a) 7 € ; (03 0 3 ABCDA, as shown in the P-T diagram. [2009] 


The work of 146 kJ is performed in order to 
compress one kilo mole of gas adiabatically and 
in this process the temperature of the gas 
increases by 7°С. The gas is 


(R=8.3 Jmol! К!) 12006] 
(а) diatomic 

(b) triatomic 

(c) amixture of monoatomic and diatomic 

(d) monoatomic 


When a system is taken from state i to state f 
along the path iaf, it is found that Q=50 cal and 
W=20cal. Along the path ibf=36 cal. Walong 


the path ibfis 12007] 
ч f 
i b 

(а) 14eal (b) 6cal 

(c) l6cal (d) 66cal 


A Carnot engine, having an efficiency of n = 1/ 
10 as heat engine, is used as a refrigerator. Ifthe 
work done on the system is 10 J, the amount of 
energy absorbed from the reservoir at lower 
temperature is 12007] 
(a) 1007 (b) 997 (c) 907 (d) 1J 

An insulated container of gas has two chambers 
separated by an insulating partition. One ofthe 
chambers has volume V, and contains ideal gas 
at pressure P, and temperature Т. The other 
chamber has volume V, and contains ideal gas 


18. 


19. 


20. 


ахай А 1 

Р (Ра) 

1х1 | D С 
300K зик? 


Assuming the gas to be ideal the work done оп 
the gas in taking it from 4 to B is 

(a) 300R (b) 400 R 

(c) 500 R (d) 200R 

The work done on the gas in taking it from Dto 
Ais 

(a) +414R (b) — 690 R 

(c) + 690 R (d) -414R 

The net work done on the gas in the cycle 
ABCDA is 

(а) 276 R (b) 1076 R 

(c) 1904 R (d) zero 

A diatomic ideal gas is used in a Carnot engine 
as the working substance. If during the adiabatic 
expansion part of the cycle the volume of the 
gas increases from Vto 32 V, the efficiency of 


the engine is 12010] 
(a) 0.5 (b) 0.75 (c) 0.99 (d) 0.25 
A Carnot engine operating between 


1 
temperatures T, and T, has efficiency =. When 


Thermodynamics 


21. 


22. 


23. 
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T, is lowered by 62 K its efficiency іпсгсаѕсз 


1 " 
to у. Then T, and Т, are, respectively:[2011] 


(а) 372Kand310K (b)330 К and 268 K 
(с) 310 Капа 248K — (d)372Kand3l0K 
Helium gas goes through a cycle ABCDA 
(consisting of two isochoric and isobaric lines) 
as shown in figure. The efficiency of this cycle 
is nearly : (Assume the gas to be close to ideal 
gas) 12012] 


(а) 15.4% (b) 9.1% (c) 10.5% (d) 125% 


Vo 2Vo 

A Carnot engine, whose efficiency is 40%, 
takes in heat from a source maintained at a 
temperature of 500K, It is desired to have an 
engine of efficiency 60%. Then, the intake 
temperature for the same exhaust (sink) 
temperature must be : [2012] 


(a) efficiency of Carnot engine cannot be 
made larger than 50% 

(b) 1200 K 

(с) 750 К 

(4) 600K 


Ve 2У, Ү 
The above р-у diagram represents the 
thermodynamic cycle of an engine, operating 
with an ideal monatomic gas. Theamount of heat, 
extracted from the source in a single cycle is 

12013] 


13 
(а) PV (b) (Зрм 


11 
(с) (5)һ% (d) АРУ, 


24. 


25. 


26. 


One mole of a diatomic ideal gas undergoes а 
cyclic process ABC as shown in figure. The 
process BC is adiabatic. The temperatures at 
A, В and C are 400 K, 800 K and 600 K 
respectively. Choose the correct statement: 
12014] 


(a) The change in internal energy in whole 
cyclic process is 250 R. 

(b) Thechange in internal energy in the process 
CA is 700 К. 

(c) The change in internal energy in the 
process AB is -350 R. 

(d) The change in internal energy in the 
process BC is — 500 R. 

A solid body of constant heat capacity 1 J/°C 

is being heated by keeping it in contact with 

reservoirs in two ways : [2015] 

(i) Sequentially keeping in contact with 2 
reservoirs such that each reservoir 
supplies same amount of heat. 

(ii) Sequentially keeping in contact with 8 
reservoirs such that each reservoir 
supplies same amount of heat. 

In both the cases body is brought from initial 

temperature 100°С to final temperature 200*C. 

Entropy change of the body in the two cases 

respectively is : 

(a) In2, 202 (b) 202, 82 

(с) In2, 42 (d) 12, In2 

'n' moles of an ideal gas undergoes a process 

А — B as shown in the figure. The maximum 

temperature of the gas during the process will 

be: [2016] 
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Ур 2 v 
9PoVo ШУЛ 
ET Ци: 
"mE (y ЮУ» 30 
4nR 2nR 


27. Ап ideal gas undergoes a quasi static, reversible 
process in which its molar heat capacity C 
remains constant. If during this process the 
relation of pressure P and volume V is given 
by РУ" = constant, then n is given by (Here C, 
and Су are molar specific heat at constant 
pressure and constant volume, respectively) : 


12016] 

= 
C-Cp 
27 

d) n- 

@ ae 


28. Two moles of an ideal monoatomic gas 31. 
occupies a volume V at 27°C. The gas expands 
adiabatically to a volume 2 V. Calculate (a) the 
final temperature of the gas and (b) change in 
its internal energy. 12019] 
(a) (a) 189K (b) 2.7 kl 
(b) (2195 K (b) -2.7 kJ 

29. Аваз can be taken from A to B via two different 


processes ACB and ADB. 12019] 


32. 


Physics 


у 

When path ACB is used 60 J of heat flows into 
thesystem and 307 of work is done by the system. 
If path ADB is used work done by the system is 
10 J. The heat Flow into the system in path ADB 
is: 

(а) 407 (b) 807 (c) 1007 (d) 201 
Following figure shows two processes A and 
В for a раз. If “Q, and "О, are the amount of 
heat absorbed by the system in two cases, and 
"U, and “U, are changes in internal energies, 
respectively, then: 12019] 


@) "Oi = "Qr “UA 
A litre of dry air at STP expands adiabatically 
to a volume of 3 litres. If y = 1.40, the work 


done by dir is: 12020] 
(314 = 4.6555) [Take air to be an ideal gas] 
(а) 60.7 1 (b) 90.51 

(c) 100.8 J (4) 481 


A Carnot engine operates between two 
reservoirs of temperatures 900 К and 300 К. 
The engine performs 1200 J of work per cycle. 
The heat energy (in J) delivered by the engine 
to the low temperature reservoir, in a cycle, is 


12020] 


Answer Key 


numum TE 
(4) | (6) | eo | (д | co | o Го» | w loom (0 | (а) Ы (с) 


HE аа аааз аара 
(а) w | 09 | «o | co (4) | € [о | 


m 3 
(b) |(600 


Thermodynamics 


1. 


(а) 


© 


(а) 


b) 
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Solutions 


cc 


25 


All reversible engines have same 
efficiencies ifthey are working for the same 
temperature of source and sink. If the 
temperatures are different, the efficiency is 
different. 
In Carnot’s cycle we assume frictionless 
piston, absolute insulation and ideal source 
and sink (reservoirs). The efficiency of 
Т, 
ul 
The efficiency ofcarnot engine will be 100% 
when its sink (7,) is at 0 К. 
The temperature of 0 K (absolute zero) 
cannot be realised in practice so, efficiency 
is never 100%. 
This is a consequence of second law of 
thermodynamics 
Given, Р = T => PT? = constant ....(i) 
For an adiabatic process, 
P-! T' = constant 

Y 


=> PT! =constt. 


carnot’s cycle n 


ali) 


From (i) and (ii) we get 


3 
>y=3+3> Y77 


Work is not a state function. The remaining 
three parameters are state function. 

Here, 7, —627 +273 =900K 
T,=27+273=300K 


А 1, 
Efficiency, 1= 1-—— 
n 
E mu 
90 3 3 
т 
But n=— 
Q 


=2 х 10%cal 

=2х 10° х 4.2 ]= 8.4 х 10%] 

Internal energy and entropy are state 
function, they are independent of path taken. 
Here Q—0 and W=0. 

Therefore, from first law of thermodynamics 
AU-Q-W-0 

2. Internal energy of first vessel + Internal 
energy of second vessel = Internal energy 
of combined vessel 


9. 


10. 


п. 


12. 


nC, Т +m C, T, = (т +п)С, Т 
_ mT, * m T, 
NEPTIS 


T 


For first vessle, n, = йл 


ГАА 
and For second vessel лу = 2—2 
ВИ РУУ, 

ич ТА xm 

то RT, 
Ы ЛЯ 
RT, КТ, 


TAD (АИ +90) 
AVT + Pah 

(b, с) First law is applicable toa cyclic process. 
Concept of entropy is introduced by the 
second law of thermodynamics. 

(b) Change in internal energy is independent 
of path taken by the process. It only 
depends on initial and final states j.e., 

AU, = AU, 


1 
(d) Q, area under BC = 7050 + TS 
Q, = area under AC = T2, 5) = ToS, 
and Q,-0 Lap ae 


w Q- 
Efficiency, n= = 2-0 


3 
27080 
(à) Work done їп adiabatic compression is 
given by 
wa ПЕАТ 
1-y 
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E -146000 - 19056397 For first vessel 7 -54 and for second 
-=Y i 
58.1 58.1 
ог1-ү= sh 
M6 146 
Hence the gas is diatomic. 
13. (b) For path ig 
= ‚ IW, — 20 cal 
f 
i b 
By first law of thermodynamics, TT) (ВИ PS) 
AU- Q, — W, —50—20— 30 cal. =- ВИТ, + PVT 
For path ibf | Ч ча 
0,- 16. (b) The process 4 — B is isobaric. 
2 work done W, — nR(T, Т) 
Абы Оена! i = 2R(500 —300) = 400R 
ince, the change in intemal energydoesnot 17, & The process D (o A is isothermal as 
жеш оп the path, therefore АГ, AU py temperature is constant. 
P, 
Work done, W,,,=2.303nRT logio ҮЛ 
14. (с) Тһе Жо ney (n) ofa Carnot engine and 2.303x2 R x300 
the coefficient of performance (В) of a 
refrigerator are related as 1x105 
logio 5 —414R. 
2x10 
Therefore, work done on the gas is +414 К. 
18. (а) Thenet work in the cycle ABCDA is 
W =W + Wye ор +Wpa 
Р, 
= 4008 +2.303nRT log + + (—400R)—414R 
c 
: 2 
àp = 2,303 x 2R x 500108. 
1х1 
=693.2R-414R -2792К 
is independent of path taken by the 19, (b) 
process. 
9-2 Pf Т (т) 
10 
= 0,=901. 
15. (a) Here Q =0 and И = 0. Therefore from first (32 У, T) 


law of thermodynamics AU- Q+ W=0 
Internal energy of first vessle + Internal 
energy of second vessel = Internal energy 
of combined vessel 


mC, T, +п C, T; =(m n3)C, T 
ПИЛТА 
m tn 


y 
For adiabatic expansion ТИ! = ТУ]! 
-mny-ngy! 


Tj (злу! 
= i-r 
5 (32) 
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—€— simu Ta 
For diatomic gas, Y -£ n=|1-— [x100 
$ n 
When efficiency is 4096, 
T, 7 500K; 0-40 


т 
«(i ao 
Ы ( x 


y Maii 
100 500 
an > 60 
47, 4 s > Do r= =300K 
20. (d) Efficiency of engine 500 100 
h 1 When efficiency is 60%, then 
Хүргэж 
л 6 60. c 300 40 
n.5 à 100 | 5)^ m 10 
naa эй 
When T, is lowered by 62K, then N тЕ mae > T,=750K 
n-6 
Again, m =1-2 23. (b) Heat is extracted from the source in path 
DAand ABis 
pig 1 x 
n'mn5 wii) 
Solving (i) and (ii), we get, \з 
7,=372Kand T,= 2«372-310K = EE 22A, 0 -( яа 
21. (а) Theefficiency 24. (d) In cyc шиг change in total internal 
energy is zero. 
as output work AUS =O 
heat given to the system. ы 5R 
Heat given in going A to В, Q,,=nCvAT MU ge = nC, AT - 1«—— AT 
= „З rat C» Where, С, = molar specific heat at constant 
22 20 = 9 Polo 


We 5 WO +500) + 280 


AU, 
25. @ Theentiy mun ge of the body in the two 
Heat given in юш Bio C=nCpAT cases is same as entropy is a state function. 
=»(2 ajar -Žerar 
= ЗР, 
and W= area under PV diagram РИ, 
#_ Ву? 


26. (c) The equation for the line is 
P 


22. (с) The efficiency of the carnot’s heat engine 
is given as 


Р-80 


27. 


28. 
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@ 


© 


2% 
[slope ту ",с=3Р\] 


КАШАР NI 
RT 
ppa pm NI 


From (i) & i) "ET v + P,V=3P,Vy 
J nRT Va +P, V?=3P,V,V i 


For temperature to be maximum. BT 
di Ma e.g. (iii) by "V" we get 


аву, СТ +ру2\)=3РуУ, 


vay 

ary, ST 
"dv 

3B, 
nRV; 


-3Р,,у-2РУ 
dT 


dv 


PV 


[From (01 


-Cp (C57 C) 
ce Cy 

In an adiabatic process 

ТУГ! = Constant 

or, T, V; - T. 


va | tn 


For monoatomic gas Y = 
(300)V?5 - T2 V^ 


T -20 
" ор? 


T,= 189 K (final temperature) 


f 
Changein internal energy AU 7 n R AT 


Jeub- 221 


Physics 


АОлсв = AW, 
-»601-301-А0 
-301 
AQ AU Ag 
710J- 307-407 


ACB + АЧ 


ACB 
Usce 


[> AU, pg = AU cy 7307] 

(c) Internal energy depends only on initial and 

final state 

So, AU, = AU, 

Also AQ= AU + AW 

s. WA > Wp = AQ, > AQ, 
[Area under P-V graph gives the work done.] 
(5 Given, 7, =1 litre, P, = 
litre, y= 1.40, 
Using, РІ” — constant => ДИ? = 
14 


30. 


31. latm 


nid 
1 
- atm 
4.6555 
PV -P 
т-1 


зан (| 
= s 


7. Work done, W = 


(uxt. 1 
1.6555 


=90.1.7 
Closest value of W= 90.5 / 


(600.00) Given: Т, = 900 K, T)=300K, 
W= 1200.7 


x 3}1.01325%108 x10 
04 


32. 


wW 
Q 
300 1200 


900 Q 
2 
241200 5 Qi = 1800 
3 0 
Therefore heat energy delivered by the 
engine to the low temperature reservoir, 
„= Q,- W= 1800—1200 = 600.00 7 


Using, 1— 
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Cooking gas containers are kept in a lorry 
moving with uniform speed. The temperature 
of the gas molecules inside will [2002] 
(a) increase 

(b) decrease 

(c) remain same 

(d) decrease for some, while increase for others 
At what temperature is the r.m.s velocity of a 
hydrogen molecule equal to that of an oxygen 


molecule at 47°С? 12002] 
(a) 80K (b -73 K 
(с) 3K (d) 20K. 


А gaseous mixture consists of 16 g of helium 


C 
and 16 g of oxygen. The ratio —. of the 


mixture is [2005] 


(a) 162 (b) 159 (c) 154 (d) 14 
The speed of sound in oxygen (0,) at a certain 
temperature is 460 ms~!, The speed of sound 
in helium (He) at the same temperature will be 
(assume both gases to be ideal) 12008] 
(а) 1421 ms! (b) 500 ms 

(c) 650 ms! (d) 330 ms? 

One kg of a diatomic gas is at a pressure оГ 
8 х 10°N/m?. The density of the gas is 4kg/m?. 
What is the energy of the gas due to its thermal 


motion? 12009] 
(a) 510°] (b) 6х 1085 
(с) 7* 1045 (d) 31057 


A thermally insulated vessel contains an ideal 
gas of molecular mass M and ratio of specific 
heats y. It is moving with speed v and it's 
suddenly brought to rest. Assuming no heat is 


33 


lost to the surroundings, its temperature 


increases by: 12011 

(1-1) My 
[E ъ WK 
Day? =) mK 
© ж A O зүхэх” 


Consider an ideal gas confined in an isolated 
closed chamber. As the gas undergoes an 
adiabatic expansion, the average time of collision 
between molecules increases as V4, where V is 
the volume of the gi i 


(-& 


+1 =1 

e & ъ 5 
3745 

(е) 6 (4) 6 


The temperature of an open room of volume 30 
m’ increases from 17°C to 27°C due to sunshine. 
The atmospheric pressure in the room remains 
1 x 105 Pa. In, and паге the number of molecules 
in the room before and after heating, then np- n, 
will be : [2017] 

(а) 2.5* 105 (b) -2.5х105 

(c) —L61x109 (4) 1.38% 10% 

C, and C, are specific heats at constant pressure 
and constant volume respectively. It is observed 
that 12017] 

C,- C, =a for hydrogen gas 

C, - C, =b for nitrogen gas 


v 
The correct relation between a and b is : 


(a) a-14b (b a-28b 
1 
=—h = 
() a 14 (d a=b 


Р-82 
10. 
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The mass of a hydrogen molecule is 3.32«10 
27 kg. If 10? hydrogen molecules strike, per 
second, a fixed wall ofarea 2 cm? at an angle of 
45° to the normal, and rebound elastically with a 
speed of 10° m/s, then the pressure on the wall 
is nearly: 12018] 
(a) 2.35 x 10° N/m? (b) 4.70 х 10° N/m? 

(c) 235 x 10? N/m? (c) 4.70 x 10? N/m? 

A mixture of 2 moles of helium gas (atomic 
mass = 4u), and 1 mole of argon gas (atomic 


mass = 40u) is kept at 300 K in a container. 
The ratio of their rms speeds 12019] 
Vems (helium) | . 

A — — | is close to : 

Vrms (aren) 

@) 316 (b) 032 (c) 045 (d) 224 


Fora given gas at 1 atm pressure, rms speed of 
the molecules is 200 m/s at 127°C. At 2 atm 
pressure and at 227°C, the rms speed of the 


molecules will be: [2019] 


13. 


(a) 100 m/s (b) 8045 m/s 

(c) 100./5 m/s (d) 80 m/s 

An HCI molecule has rotational, translational 
and vibrational motions. If the rms velocity of 
HCI molecules in its gaseous phase is 7 , m is 
its mass and ką is Boltzmann constant, then its 


temperature will be: [2019] 
my 
(a) (b) 
(c) (d) a 
с НТ 
LAM 
aremixed 


3 
В Я г Cy 4 
with 3 moles ofanother ideal gas with 27 = = 
V 
C; 
The value of — for the mixture is: [2020] 
y 


(a) 1.45 (b) L50 (c) L47 (d) 1.42 


Answer Key 


(4) | (а) | (а) | (а) | CO | (а) |) | (а) | (а) | (а) | (с) | (а) | (4) 


cC 


Solutions 


Z 


(c) The centre of mass of gas molecules also 
moves with lorry with uniform speed. As 
there is no relative motion of gas molecule. 
So, kinetic energy and hence temperature 
remain same. 

(d) RMS velocity of a gas molecule is given 
by 


3. 
р = 3 RT 
ms V M 


Let T be the temperature at which the 
velocity of hydrogen molecule is equal to. 
the velocity of oxygen molecule. 


3RT — |3Ех(273-47) 
g 2 32 


= T=20K 


3. 


(а) For mixture of gas specific heat at constant 
volume 


nC, Cy, 


m+m 
No. of moles of helium, 


Mie 
1 Mie 
MM 


n 
Number of moles of oxygen, 


16 


n 


WWW.JEEBOOKS.IN 


Kinetic Theory 


=29Rx2 0298 а 
9x4 18 ^" 


Specific heat at constant pressure 


OmCstmO, 4х 


5 pa 
PO +m) 
7 7. 
NORTE ang 
9 18 
2 
C 
Со LRL үр 
* Ж, 18  29R 


4. (а) The speed of sound in a gas is given by 


Vm 
үм 8 
уж 7 [As Rand Tis constant] 


[7 


= 
02 __460 hi m/s 
0.3237 0.3237 
5. (а) Given, mass = 1 kg 
Density = 4 kg m ? 
Volume = 3S aa 
Oume- density 4 
Internal energy of the diatomic gas 
- ip 7 =2.x8x108 х= 5х10* 
2 1 2 4 9. (a) 
Alternatively: 
5 5m Sim PM 
KE= ЗТ = SORT = 
L. PM- акт] 
4 
т З DEA 5 1087 
2d 2 4 
6. (с) As, work done is zero. 


So, loss in kinetic energy = heat gain by 
the gas 


P-83 


As, TV! =K So, то VT? 


yu 
Therefore, q= —— 


Given: Temperature T,= 17+273=290K 
Temperature 7727-273 =300 K 
Atmospheric pressure, P, = 1 x 105 Pa 
Volume of room, И, = 30 n? 


Difference in number of molecules, 
n-n-? 

Using ideal gas equation, РУ = nRT(N,), 
N, = Avogadro's number 


> 


5 
= 1210 x30, 6023x102 
8.314 


--25x105 


As we know, C, - C, = R where C, and C, 
are molar specific heat capacities 
R 


G2: 


ОЛ ыг 


R 
For hydrogen (M-2) C, -C,- а= 


For nitrogen (M = 28) C, - C, 


=14 or a=14b 


z 
b 
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10. (a) Changein momentum 
n. [n | [@73+127) 
(2733227) 
E ГЭ Ё 220 
1500 Vs Js 
2 буд -35. o0 - t Sis 
13. (a) In this case the total degree of freedom is 
6 
Bigs Ре Ру Ё+ According to law of equipartition of energy, 
АР=-_1+-_)+-_1--— 
429 444 4 un т) 
СЕ 
2р 7 
> 1а = 
Pressure, P 
5 14. (d) Using y, а 
A, (> n=no.of particles) ий 
_ 42x332x1077 x10 x10? > 
2x107* 
=2.35 х 10°N/m? > 
П. (а) Using Vins = т we have 


mlie) un aN » > 
Унш Mie 
=3.16 

E 


12. (с) 
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Oscillations 


In a simple harmonic oscillator, at the mean 


position 12002] 

(а) kineticenergyis minimum, potential energy 
ismaximum 

(b) both kinetic and potential energies are 
maximum 

(©) kineticenergy is maximum, potential energy 
isminimum 

(d) both kinetic and potential energies are 
minimum 


Ifa spring has time period T, and is cut into л 
equal parts, then the time period of each part 


will be 12002] 
(а) Тул b) TNn 
(c) nT (d) T 


A child swinging on a swingin sitting position, 
stands up, then the time period if the swing will 
(a) increase 12002] 
(b) decrease 

(с) remainssame 

(d) increases if the child is long and decreases 

ifthe child is short 

А mass M is suspended from a spring of negligible 
mass, The spring ispulled a сала then released so 
that the mass executes SHM of time period T. Ifthe 
mass is increased by m, the time period 


5T 4 т. 
becomes 2- .Then the ratioof — is — [2003] 
3 M 
à 25 
@ 5 0 
16 5 
© > @ 5 


Two particles А and В of equal masses are 
suspended from two massless springs of spring 
constants k, and К, respectively. Ifthe maximum 


pP. 


velocities, during oscillation, are equal, the ratio 


ofamplitude of А and Bis 12003] 
A ky 
A TEL 

6) qu O 
ky h 

o JE d i 

© үк Фото 


The length of a simple pendulum executing 
simple harmonic motion is increased by 21%. 
The percentage increase in the time period of 
the pendulum of increased length is [2003] 
(a) 11% (b) 21% 

(c) 42% (d) 10% 

The displacement of a particle varies according 
to the relation x = 4(cos m + sin л/). The 


amplitude of the particle is 12003] 
(a) -4 (b 4 
© 442 d 8 


A body executes simple harmonie motion. The 
potential energy (P.E), the kinetic energy (K.E) 
and total energy (T.E) are measured asa function 
of displacement x. Which of the following 
statements is true ? [2003] 
(а) К.Е. is maximum when x=0 

(b) Т.Е is zero when х=0 

(c) K.E is maximum when x is maximum 

(d) PEismaximum when x=0 

The bob of a simple pendulum executes simple 
harmonic motion in water with a period t, while 
the period of oscillation of the bob is /, in air. 
Neglecting frictional force of water and given that 
the density of the bob is (4/3) x 1000 kg/m}. 
Which relationship between гапа tg is true? 

(a) (721 (b) г-у? [2004] 
(c) 1-1, (4) £—4tj 


Р-86 
10. 


12. 


13. 
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A particleat the end ofa spring executes S.H.M n 
with a period /.whilethecorrespondingperiod !5 The function sin (01) represents [2005] 
for another spring is /,. Ifthe period of oscillation (а) aperiodic, but not simple harmonic motion 
with the two springs in series is T then [2004] with aperion = 
а| mb =! (p) 2 2 H [0] 
UL Ten cos T ace (b) aperiodic, but not simple harmonic motion 
(с) T2546 ( T^ 5 ith iod 25 
The total energy ofa particle, executing simple шарты aL 
harmonic motion is 12004] " 
) 2 (c) a simple harmonic motion with a period = 
(a) independent ofx (b) xx? o 
@ єх (d «=х!? (d) a simple harmonic motion with a period 
where x is the displacement from the mean ра 
position. T 
A particle of mass m is attached toa spring (of 16, The bob of a simple pendulum is a spherical 
spring constant К) and has a natural angular hollowball filled with water. A plugged hole near 
frequency o, An external force Fir) proportional the bottom of the oscillating bob gets suddenly 
to cos@/(@ + oo) is applied to the oscillator. unplugged. During observation, till water is 
The displacement of the oscillator will be coming out, the time period of oscillation would 
proportional to 12004] : 12005] 
1 1 (a) first decrease and then increase to the 
oS occ dO SS original value 
m(og* o) m(a -o) (b) first increase and then decrease to the 
P m original value 
() 2 (d 72. ж (с) increase towards a saturation value 
хил NM oo (d) remain unchanged 
In forced oscillation ofa particle the amplitude 17. Ifa simple harmonic motion is represented Бу 
is maximum fora frequency o» of the force while 2 
MAT А dx oe =O sta inte period in 12005] 
the energy is maximum for a frequency @ of 
the force; then 12004] эл 
(à) e4 «9 when damping is small and eT 
0 > @g when damping is large @ anja. (d) 2ла 
(b =>) 18. The maximum velocity ofa particle, executing 
© 1202 simple harmonic motion with an amplitude 7 mm, 
(d «<a 54.4 m/s. The period of oscillation is. [2006] 
Two simple harmonic motions are represented (а) 0.015 (b) 10s 
з Mn T) and © 0.15 (d) 1008 
фу equations уу = 0.T sin (10071 +3) "* 19. Starting from the origin a body oscillates simple 


¥ = 0.1 cos лї. The phase difference of the 


velocity of particle 1 with respect to the velocity 
of particle 2 is [2005] 


(a) 


aja wla 


harmonically with a period of 2 s. After what 
time will its kinetic energy be 75% of the total 
energy? 


12006] 


1 1 
© 3° @ 155 


Oscillations 


20. 


21. 


22. 


23. 


24. 
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‘Two springs, of force constants Кү and К, are 
connected to а mass т as shown. The frequency 
of oscillation of the mass is /: If both К, and К, 
are made four times their original values, the 
frequency of oscillation becomes [2007] 


М 
(а) 27 (b) /2 
(c) /% (d) 4f 


A particle of mass m executes simple harmonic 
motion with amplitude a and frequency v. The 
average kinetic energy during its motion from 
the position of equilibrium to the end is[2007] 


ба) mmy O) nmay? 


i s 
© ата (@ 4л2таду? 
The displacement of an object attached to а 
spring and executing simple harmonic motion is 
given by x = 2 x 1072 cos л/ metre.The time at 
which the maximum speed first occurs is[2007] 
(а) 0.25s (b) 0.55 
(с) 0.75s (d) 0.125s 
A point mass oscillates along the x-axis 
according to the law x = x, сов(ог-л / 4). Ifthe 
acceleration of the particle is written as 


а= A cos(wt +8) then 12007] 


3 б=3л/4 
n/4 


@) A=xyo 
Ы): 
[2] 


(d A=, 
Ifx, v and a denote the displacement, the velocity 
and the acceleration ofa particle executing simple 
harmonic motion of time period T, then, which of 
the following does not change with time? [2009] 
(а) аїх (b) aT +2nv 

(c) ат (d) а272 + 4п2у2 

Two particles are executing simple harmonic 
motion of the same amplitude 4 and frequency 
© along the x-axis. Their mean position is 
separated by distance X (A, > А). Ifthe maximum 
separation between them is (X, + А), the phase 


difference between their motion is: 12011] 
Ё E 

e 3 ® т 

© F @ 5 


26. 


27. 


28. 


29. 


A mass М, attached to a horizontal spring, 
executes S.H.M. with amplitude 4,. When the 
mass M passes through its mean position then 
а smaller mass m is placed over it and both of 
them move together with amplitude А. The ratio 


[2011] 


М+т 

A wooden cube (density of wood 7) of side * (7 
floats in a liquid of density ‘p’ with its upper and 
lower surfaces horizontal. If the cube is pushed 
slightly down and released, it performs simple 
harmonic motion ofperiod*T" [2011 RS] 


ld ip 
anf "REDE 
© Nog © Wa 


td tp 
c) 2m, 2r [,.— —— 
o (в) © (р-4)8 
Ifa simple pendulum has significant amplitude (up 
to a factor of 1/е of original) only in the period 
between г= 05107= ts, then т may becalled the 
average life of the pendulum. When the spherical 
bob of the pendulum suffers a retardation (due to 
viscous drag) proportional to its velocity with bas 
the constant of proportionality, the average life 
time of the pendulum in second is (assuming 
damping is small) [2012] 
0.693 1 2 
@ 7, 60b © у 07 
This question has Statement 1 and Statement 2. Of 
the four choices given after the Statements, choose 
the one that best describes the two Statements. 
If two springs 5, and S, of force constants ky 
and k, respectively, are stretched by the same 
force, it is found that more work is done on 
spring 5; than on spring $3. 
Statement 1: If stretched Бу the same amount 
work done on S, 
Statement 2: ky ES 12012] 
(a) Statement 1 is false, Statement 2 is true. 
(b) Statement 1 istrue, Statement 2 is false. 
(c) Statement 1 is true, Statement 2 is true, 
Statement 2 is the correct explanation for 
Statement 1 
(d) Statement 1 is true, Statement 2 is true, 
Statement 2 is not the correct explanation 
for Statement 1 


Р-88 
30. 


31. 


32. 


33. 


34. 
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Theamplitude ofa damped oscillator decreases 
to 0.9 times its original magnitude in 5s. In 
another 10511 will decreaseto о. times its original 


magnitude, where а equals 12013] 
(а) 07 (b) 081 
(c) 0729 (d) 06 


An ideal gas enclosed in a vertical cylindrical 
container supports a freely moving piston of 
mass M. The piston and the cylinder have equal 
cross sectional area A. When the piston is in 
equilibrium, the volume of the gas is Уу and its 
pressure is Р. The piston is slightly displaced 
from the equilibrium position and released. 
Assuming that the system is completely isolated 
from its surrounding, the piston executes a 
simple harmonic motion with frequency [2013] 


1 Ay 1 УМР, 

(a) 2 Ao (b) ERO 
2n VM 28 А?у 

Z MV, 

(c) d [AW (d) Es 0 
эл | MV, 2n V Aff 


A particle moves with simple harmonic motion 
ina straight line. In first 15, after starting from 
rest it travels a distance a, and in next ts it 
travels 2а, їп samedirection, then: — [2014] 
(а) amplitude of motion is За 

(b) time period of oscillations is 8с 

(c) amplitude of motion is 4a 

(d) time period of oscillations is бт 

A pendulum made of a uniform wire of cross 
sectional area A has time period T. When an 
additional mass M is added to its bob, the time 
period changes to Ty. If the Young's modulus 


1 
ofthe material ofthe wire is Y then Y isequal 


to: 
(g = gravitational acceleration) 


o bET lik 


o -io eg- 


For a simple pendulum, a graph is plotted 
between its kinetic energy (KE) and potential 
energy (РЕ) against its displacement d. Which one 
of the following represents these correctly? 
(graphs are schematic and not drawn to scale) 

[2015] 


12015] 


35. 


36. 


37. 


A particle performs simple harmonic motion with 
amplitude A. Its speed is trebled at the instant 


2A 
that it is at a distance —— from equilibrium 


3 
position. The new amplitude ofthe motion is : 
[2016] 
(а) AB ® > 
A 
© EI (d) 3A 


A particle is executing simple harmonic motion 
with a time period T. At time t — 0, it is at its 
position of equilibrium. The kinetic energy-time 


graph of the particle will look like: — [2017] 
KI 
€ WT > 
КЕ 
22 TA T/2 T t> 
KE 
© om Та» 
KE] 
(d) i = 


A silver atom in a solid oscillates in simple 
harmonic motion in some direction with a 
frequency of 10!2/sec. What is the force constant 
of the bonds connecting one atom with the other? 
(Mole wt. of silver = 108 and Avagadro number = 
6.02 x10? gm mole!) 12018] 
(а) 64Мт 
(c) 22N/m 


(b) 7.1Nm 
(d) 55Мїп 
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Oscillations 


38. А simple pendulum oscillating in air has period 
Т. The bob of the pendulum is completely 
immersed in a non-viscous liquid. The density 


1 
ofthe liquid 8167 ofthe material of the bob. If 


the bob is inside liquid all the time, its period of 
oscillation in this liquid is: 12019] 


Answer Key 


(d) | (е) | (а) | (а) | (5) 
21 | 22 | 23 | 24 | 25 


cC Solutions 25 


1. (c) The kinetic energy (К. E.) of particle in 
SHM is given by, 


1 2 2 
KE-2—k(4A -x° 

2 ( х); 
Potential energy of particle їп SHM is 


U- 


Where А = amplitude and k= mo? 
х = displacement from the mean position 
At the mean position х=0 

1. 


7. К.Е, TE Maximum 
andU-0 ^ 

2. (b Letkbethe spring constant of the original 
spring. 


where m is the 
i 4 
mas s of oscillating body. - 
When the spring is cut into equal parts, 

the spring constant of one part becomes 

nk. Therefore the new time period, 


Time period T= 2 


m T 
nk dn 


3. (b) The time period T =27 


T'= 


where l = 


g 
distance between the point of suspension 
and the centre of mass of the child. 


As the child stands up, her centre of mass 
is raised. The distance between point of 
suspension and centre of mass decreases 
ie length ( decreases. 


К А. 
. T «T ie. the period decreases. 


point of suspension 


HE 


Case (ii) child standing Саве (i) child sitting 
(©) With mass M, the time period of the spring. 


г | 
k 


With mass M+ m, the time period becomes, 


М+т 5Т 
Im ee 
[4 3 
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5. (e) Maximum velocity during SHM, V,,,.=/ 


But k = mo? 


. Maximum velocity of the body in SHM 


k 


m 


=A 


As maximum velocities are equal 


846 


6 (d) Timeperiod, rex 
E 


(42196 of £ 


Newlength, /' 
t'-(00210 


% increase in length 


-AAE оо (737-4) 


КД 


-(1.1-1)x100 =10% 


x100 


Physics 


(c) Displacement, x = 4(cosmr+ sin лї) 


548 ДЕ езт 
MUS + us 


= A (sin л (cos 45° + соѕл їзїп 45°) 


х= AJ sin(s t +45°) 

On comparing it with standard equation. 
х= Asin(o +$) 

we get A- 442. 

К.Е. of simple harmonic motion 

E qoe -х?) 


When x = 0, 


1 1 
KE-z ma? (2-07 moa” -maximum 


Time period, t = 2л, 


Inair, tọ = 
Buoyant 
force | 1000 Ve 
4 
x 1000 11 
gom 
Weight 
4 1000, 
Net force =(ż-1)x1000 re == шй 
3 3 
_ dgO0/g 4 
wb А cm 
— * 


Oscillations 


(b) Time period for fi 
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Е т 
stspring, 4 = 25, [2 
1 


Time period for second spring, f = anf 


Force constant of the series combination 
kk 

keg = 
E thy 
2 Time period of oscillation for series 


combination T =2n, |" ik 
Dm 
m m i 2 
oT =2n |+ =2л,|—2—+—1— 
kh k (Qn)? (2n)* 


ST = +» 


where x is the displacement from the mean 
position 
At any instant the total energy in SHM is 


1,2 
= 04) = constant, 
2 


where A, = amplitude 

k= spring constant 

hence total energy is independent of x. 
Equation of displacement in forced 
oscillation is given by 

J p UND 
т (өр -o^y 


m(@y -o?) 


Here damping effect is considered to be 
zero 

1 
ер 
mlog —®°) 
Asenergy oc ( Amplitude)", the maximum 
for both of them occurs at the same 
frequency and this is only possible in case 
of resonance, 


In resonance state o, = à; 


Velocity of particle 1, 
d 
dt 
Velocity of particle 2, 


э = lox їболсо[100лг+ 3) 


„==® -блзйл = O.rcos( a1 +2) 

dr 2 

<: Phase difference of velocity of particle 1 

with respect to the velocity of particle 2 is 
т nx 2л-3л n 


DALEE ou 


Clearly sin 200 is a periodic function with 


Тед 
period — 


Ол Эл/э 


1 

5х 20 sin 26 = 2@ sin of cos бэ! 
= osin2of 
Acceleration, a = 202 сов2ө which 


is not proportional to —y. Hence, it is not in 
SHM. 

When plugged hole near the bottom of the 
oscillating bob gets suddenly unplugged, 
centre of mass of combination of liquid and 
hollow portion (at position / ), first goes 
down (to (+0) and when total water is 
drained out, centre of mass regain its 
original position (to £), 
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Time period, 7 


7^ T" first increases and then decreases 


tooriginal value. 


17. (à) The equation of SHM, 


18. (а) 


19. (а) 


dt^ 
Maximum velocity, 
Vmax = a0 
Here, a= amplitude of SHM 


o= angular velocity of SHM 


2л Ж 2m 
Урд ах (хөөлт 


A — « 0.01 s 
ner. 44 


К.Е. ofa body undergoing SHM is given by, 


122 
KE. ma^ cos? ot 


Here, a= amplitude of SHM 
= angular velocity of SHM 


Total energy in S.H.M = 


Given К.Е. = 75% Т.Е. 


1 2 
2 ma^. cos? ot — 


Physics 
2 л 
= 0.75 = cos” ot > ot = 8 
б 


л пх2 
>1=— Ss 
бхо 6x2n 


The two springs are in parallel, 
Effective spring constant, 

1+6 

Initial frequency of oscillation is given by 


1 + 
m 
2pV т 
When both К, and k, are made four times 
their original values, the new frequency is 
given by 


‚_1 [Ak + 4k 
| хадыг 
2л т 
1 Гаа) CERA 
2л т DU m ] 


The kinetic energy of a particle executing 
S.H.M. at any instant / is given by 


Loo) 


2v 


where, тт mass of particle 
а= amplitude 
о = angular frequency 
t=time 
The average value of sinat over a cycle is 
1 


2 


І 
гкь-Тнйа(3) (^ <sin?0>= 


Dime - ine Qnvy (7 o22nv) 


2 22 
о, <K> =n ma^ v^ 

Here, Displacement, x —2 x 10-2 cos x f 
Velocity is given by 


=2х1072 asina? 


Oscillations 


23. 


24. 


(a) 


(a) 
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For the first time, the when velocity 
becomes maximum, 


Яплг-1 
Y mE 
> sinnt=sin— 
2 
л 
> м= = onto = 0.5 ѕес. 
Given, 


Displacement, x = x; cos (ax — 2/4 ) 


2 Velocity, 23 -xosin[or- 2) 


Acceleration, 


Acceleration, a = А cos (or + б) (2) 
Comparing the two equations, we get 
Зл 


Азхур and 6=—. 
4 
For an SHM, the acceleration 
а=-®?х where о? isa constant. 
ат Am) 
гіп х ^" wd 
T? x T 
The time period 7 is also constant. 
aT. 
Therefore, T, іза constant. 
Let, x, =A sin ot and x, =A sin (ot 4) 


n 


x 2 24 cos( ot 


Theabove equation is SHM with amplitude 


2Азїп t 


26. 


27. 


28. 


(c) 


@) 


@ 


At mean position, F net = 0 
Therefore, by principal of conseruation of 
linear momentum. 
<. Mv, =(M+m)vy 
Mw, a,=(M+m) wa, 
k 


MA C = OE mA А 
[ m* 


(,_,[k) 
srl) 
=> ANM AM m 


А _ [тм 
> NM 

Let the cube be at a depth x from the 
equilibrium position, 

Force acting on the cube = up thrust on 
the portion of length x. 


= р(х л. mass density X volume] ...(i) 


Clearly Fo —x, Hence it isa SHM. 
Equation of SHM is К=—Кх 40) 
Comparing equation (i) and (ii) we have 
к= pg 


Now, Time period, T — nfe 


Comparing the above equation with 


а= -o*x, we get 
=> T-2m, td 
\pg 


The equation of motion for the pendulum, 
for damped harmonic motion 

F= -kx -bv 
=> ma+kx+bv=0 


ө = РЕ 


dt 


d 


> т— 
2 


dx 
[E 
Миг: 
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After 10 more second, 


ES ” 
A=Age 2m EEG 
20) From eq"s (i) and (ii) 
: A=0.729Ay г. a=0.729 
Let x =e” is the solution of the equation (1) Me 
Bond „Фк уз REL 
а Y 1 
В = PV" 
Mg = РА EU 
Let piston is displaced by distance x 
ВуАху = PAQQ =x)" 
Cylinder 
k containing 
where ор =—, ideal gas 
m 
2122 ( y \ 
The average life = B 
а b ме | A= Ао 
(хо 7x) 
1 
29. (b) Work done, w= Qe) 
Frestoring 
Work done by spring S}, w} 
1 [xo 7x5 ху] 
Work done by spring S, у= > n 
Since w) > w, Thus (А > K5) X) 
pis ^. Frequency with which piston executes 
SHM. 


30. © vA-Ae T 
(where, Ay = maximum amplitude) 
According to the questions, after 5 


1 [ha 1 уа 
ол (х,М 7 In) Mh 


second, 
wj 32. (d) Insimple harmonic motion, starting from 
-Awm 0 rest, 
ODA Bae Att-0,x—4 


x=Acosot ae @ 
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Oscillations 
When t= r,x-4-a 
Whent-2r, A -3a 


From equation (i) 
A-a= Acoso c 
cos20 7 


3 34. 
2cosor-l 
35. 
=> 4?—3аА= А? + 2a? — 44а 
=> 20 =а4 
= A=2a 
1 
> 2 
Now, A — a = A созот 
> 
1 БЭР: 
созют=— Trat 
> 2 or T 3 
> T=6r 
Аз we know, time period, T E 
When additional mass M is added then 
ГЕЛ 
Tw -2p. 
g 
Tm [ex 
Тт | / 36. 
Tu)? (At 
M 
=( T ) n 
1м ) Мв 
M) .,, Mg 
us ( T AY 


(d) KE- lage =) 


1,2 
= kP 
and P.E. 2 


At mean position d = 0. At extreme 
positions d = А 


(b) We know that V = ov A? -x? 


; 
з (2AY 
Initially V= ©, м-(2)| 


1 
a (2A 
Finally 3V- 9 |20) 


Where A'= final amplitude (Given at x = 


2 


2A 
=. velocity to trebled) 


On dividing we get 


(b) Foraparticle executing SHM 


At mean position; = 0, of= 0, y= 0, V= „= 


ao 


1 оо 
КЕ =КЕ, „= 5 тала 
i T 
Atextreme position: r 7 , ой 
Va 70 
~ KE=KE, 


0 
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1 Solving we get, spring constant, 
Kinetic energy in SHM, KE = > тоа? y?) K - 7.1N/m 
1 2 
= = moracos*ot ЕТ E 
Hence graph (b) correctly depicts kinetic 8 
energy time graph. | Ve 
37. (b) As we know, frequency in SHM » } 165 
P 
t fk Ур Вет =Урв- 768 
шоог -10 Урв 
where т = mass of one atom g 15g 
Mass of one atom of silver, za =le- id We 


» 
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Waves 


(14) 


Length of a string tied to two rigid supports is 

40 cm. Maximum length (wavelength in cm) ofa 

stationary wave produced on it is 12002] 

(à) 20 (b) S0 (с) 40 (ау 120 

Tube 4 has both ends open while tube B has 

one end closed, otherwise they are identical. The 

ratio of fundamental frequency of tube А and В 

is [2002] 

(a) 1:2 (b) 1:4 (с) 2:1 (d) 4:1. 

A tuning fork arrangement (pair) produces 4 

beats/sec with one fork of frequency 288 ср. A 

little wax is placed on the unknown fork and it 

then produces 2 beats/sec. The frequency of 

the unknown fork is [2002] 

(а) 286 cps (b) 292cps 

(c) 294cps (d) 288cps 

A wave у = a sin(of-kx) on a string meets with 

another wave producing a node at x — 0. Then 

the equation of the unknown wave is [2002] 

asin( ett kx) 

-asin( œt + kx) 

asin(co/— kx) 

-asin( e — kx) 

When temperature increases, the frequency of 

a tuning fork 12002] 

(a) increases 

(b) decreases 

(с) remains same 

(d) increases or decreases depending on the 
material 

The displacement y ofa wave travelling in the 

x -direction is given by 


y=10* snl 6001—2х + 5) шавж 


where x is expressed in metres and t in seconds. 
The speed of the wave - motion, in тї, is 
12003] 


8. 


10. 


32 


(a) 300 (b) 600 (c) 1200 (d) 200 

A metal wire of linear mass density of 9.8 g/m is 
stretched with a tension of 10 kg-wt between 
tworigid supports 1 metre apart. The wire passes 
at its middle point between the poles of a 
permanent magnet, and it vibrates in resonance 
when carrying an alternating current of 
frequency n. The frequency n of the alternating 


source is 12003] 
(а) 50Hz (b) 100Hz 
(c) 200Hz (d) 25Hz 


A tuning fork of known frequency 256 Hz makes 
5 beats per second with the vibrating string ofa 
piano. The beat frequency decreases to 2 beats 
per second when the tension in the piano string 
isslightly increased. The frequency of the piano 
string before increasing the tension was [2003] 
(а) (256+2)Hz (Ы) (256-2) Hz 

(c) (056—5) Hz (d) (256+5)Hz 
lacement y ofa particle in a medium can 
be expressed as, 


у=10% si 1020] m where t is in 


second and x in meter. The speed of the wave is 
12004] 

(а) 20m/s (b Sm/s 

(c) 2000т% (d) 5лп% 

When two tuning forks are sounded 

simultaneously, 4 beats per second are heard. 

Now, some tape is attached on the prong of the 

fork 2, When the tuning forks are sounded again, 

6 beats per second are heard. If the frequency of 


fork 1 is 200 Hz, then what was the original 
frequency of fork 2? 12005] 
(а) 202 Hy (b) 200Hy 
(с) 204Hz (d) 196 Hz 


Р-98 
п. 


12. 


16. 
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An observer moves towards a stationary source 
of'sound, with a velocity one-fifth of the velocity 
of sound. What is the percentage increase in 
the apparent frequency ? 12005] 

(a) 0.5% (b) zero 

(c) 20% (d) 5% 

A whistle producing sound waves of 
frequencies 9500 HZ and above is approaching 
a stationary person with speed v тв”! The 
velocity of sound in air is 300 ms !. Ifthe person 
can hear frequencies upto a maximum of 10,000 
HZ, the maximum value of v upto which he can 


hear whistle is [2006] 
at 

@ 15/2ms! 0) 2278 

(с) 15 ms” (d 30ms' 


A string is stretched between fixed points 
separated by 75.0 cm, It is observed to have 
resonant frequencies of 420 Hz and 315 Hz. There 
are no other resonant frequencies between these 
two. Then, the lowest resonant frequency for 


this string is [2006] 
(a) 105Hz (b) L05Hz 
(c) 1050Hz (d) 10.5Hz 


A sound absorber attenuates the sound level 
by 20 dB. The intensity decreases by a factor of 
12007] 
(а) 100 (b) 1000 
(c) 10000 (d) 10 
While measuring the speed of sound by 
performing a resonance column experiment, а 
student gets the first resonance condition at a 
column length of 18 cm during winter. Repeating 
the same experiment during summer, she 
measures the column length to be x cm for the 
second resonance. Then 12008] 
(а) 18>х (b х>54 
(c) 542x236 (d) 36>х>18 


A wave travelling along the x-axis is described 
by the equation y(x, t) = 0.005 cos (a x — Bt). If 
the wavelength and the time period of the wave 
are 0.08 m and 2.0s, respectively, then oand B in 
appropriate units are 

0.725002, Dn 


12008] 
(a) 


17. 


19. 


20. 


21. 


Physics 


Three sound waves of equal amplitudes have 
frequencies (9-1), v, (v + 1). They superpose to 
give beats. The number of beats produced per 
second will be : 12009] 
Әз 02 (91! @ 4 

A motor cycle starts from rest and accelerates 
along a straight path at 2m/s?. At the starting 
point of the motor cycle there is a stationary 
electric siren. How far has the motor cycle gone 
when the driver hears the frequency ofthe siren 
at 94% ofits value when the motor cycle was at 


rest? (Speed of sound = 330 тв!) 12009] 
(a) 98m (b) 147m 
(c) 196m (d) 49m 


The equation of a wave on a string of linear 
mass density 0.04 kg m-! is given by 


1 х 


0.04(s) zx] : 


у=0.02(т) sin ЕІ 


The tension in the string is [2010] 
(а) 40N (b) 12.5N 
(с) 0.5N (d) 625N 


The transverse displacement y (x, 7) of a wave 


da ete] 


on astringis given by v) = € . 


por] 
x direction with speed. 


This represents a: 
(а) wave moving in 


(b) standing wave of frequency Jj 
1 
© standing wave of frequency Jy 


= sa a 
(d) wave moving in + x direction speed E 


A travelling wave represented by 
у= A sin (ox — kx) ів superimposed on another 
wave represented by у = А sin (of + kx). The 
resultant is [2011 RS| 
(а) Awavetravelling along +x direction 

(b) Awavetravelling along — x direction 

(c) A standing wave having nodes at 


x2. 041,2... 
2 


(d) А standing wave having nodes at 
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22. Statement - 1 : Two longitudinal waves given 28. A uniform string of length 20 m is suspended 
by equations : у(х.) = 2asin(or—kv) and from a rigid support. A short wave pulse is 
уо.) = a sinQor -2kx). will have equal introduced at its lowest end. It starts moving up 
intensity. [2011 RS] the string. The time taken toreach the supports 
Statement - 2 : Intensity of waves of given is: (take g=10ms~) [2016] 
frequency in same medium is proportional to @ 2/2 ©) 458 
square of amplitude only. 
(a) Statement-l is true, statement-2 is false. сб) p 428 (4) 28 
(b) Statement-l is true, statement-2 is true, 29. A granite rod of 60 cm length is clamped at its 
statement-2 is the correct explanation of middle point and is set into longitudinal 
statement-1 vibrations. The density of granite is 2.7 х 107 
(c) Statement-1 is true, statement-2 is true, kg/m? and its Young's modulus is 9.27 1010 Pa. 
statement-2 is not the correct explanation What will be the fundamental frequency of the 
of statement-1 longitudinal vibrations? [2018] 
(d) Statement-1 is false, statement-2 is true. (а) 5kHz (b) 25kHz 
23. A cylindrical tube, open at both ends, has a (c) 10kHz (d 7.5 kHz 
fundamental frequency / in air. The tube is 30. A heavy ball of mass M is suspended from 
dipped vertically in water so that half of it is in Цааш Дод? Саг by a light string of mass m 
water. The fundamental frequency of the air- (m<<M). When the car is at rest, the speeed 
SAA tow: 12012] of transverse waves in the string is 60 ms”. 
: n ө when the car has acceleration a, the wave- 
(a) f (b f/2 (с) 3/74 (d 2f a Нарийн а ч Га 
: Ё 113: NO 2) peed increases to 60.5 ms”. The value of a, 
24. A sonometer wire of length 1.5 m is made of in terms of gravitational acceleration g, is 
steel. The tension in it produces ап elastic strain FERRO 12019] 
of 190, What 15 the fundamental frequency of cid 
steel if density and elasticity of steel are 7.7 х g g g g 
3 2 = ы = + (ox 
10? kg/m? and 2.2 x 101! N/m? respectively? 9 3 05 © 10 (9 2 
insu of. 12013] зү, The pressure wave, 
o as E ТН? P=0.01 sin[1000t — Зх] Мт, corresponds to the 
25. A pipe of length 85 сіз closed from one end. sound produced by a vibrating blade on a day 
Find the number of possible natural oscillatio we ponen ы T Po ps 2 
Чэн а S Ae aper 5 Но sound produced by the same blade and at the 
340 mii нг Oily of soun "na same frequency is found to be 336 ms“. 
er s "E P І Approximate value of T is : [2019] 
о о 0 e @ @ 4C ( NC (е) 126 (d) 15С 
26. А train is moving on a straight track with speed ж ЭР 
20 ms". Itis blowing its whistle at the frequency 32 А String is clamped at both the ends and it is 
of 1000 Hz. The percentage change in the vibrating in its 4^ harmonic. The equation of 
ТАЛ heard by a person standing near the the stationary wave is Ү = 0.3 sin(0.157x) 
track as the train passes him is (speed of sound сөм200:0), The length of the string is: (АП 
=320 ms-!) close to 12015] quantities are in SI units.) 12019] 
(а) 18% (b) 24% (c) 6% (d) 12% (а) 20m (b) 80m (c) 40m (d) б0т 
27. A pipe open at both ends has a fundamental 33. Speed of a transverse wave on a straight wire 


frcquency fin air. The pipeis dipped vertically in 
water so that halfofit is in water. The fundamental 


frequency ofthe air column isnow: [2016] 
= f 3f 
а F (Ы ғ © 4 (d) 4 


(mass 6.0 g, length 60 cm and area of cross- 
section 1.0 тт?) is 90 ms”. If the Young's 
modulus of wire is 16 x 10" Nm^the extension 
of wire over its natural length is: 12020] 
(а) 008mm (b) 000mm 
(с) 004mm (d) 001mm 


Р-100 
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Answer Key 


Physics 


REB ыт ислах атина 


| 16 | 17 [ 18 [ 19 | 


[c [ «» | e | «» [ « | 
Г] 


Poop pay | ose 9-а а ану 
[o | | «| o | co] (9 | e» | 
ин ШШК | | 


[c | 09 [о ) 


this will be fundamental mode of vibration 
as shown in the figure. 


«— — Dm ——> 


The fundamental frequency for tube B 
closed at one end is given by 


v 1 
98526 


Where € = length of the tube and v is the 
velocity of sound in air. 


The fundamental frequency for tube A 
open with both ends is given by 


Te 
i. 


ЭЭГ 
Na vu 2 
H 


vg 20 v 
Frequency of unknown fork — known 
frequency + Beat frequency = 288 + 4 cps 
or 288—4 cps i.e. 292 cps or 284 cps. When 
a little wax is placed on the unknown fork, 
it produces 2 beats/sec. When a little wax 
is placed on the unknown fork, its 
frequency decreases and simultaneously 
the beat frequency decreases confirming 
that the frequency of the unknown fork is 
292 cps. 


0 


b) 


@) 


@) 


ЇЁ MOTE Had the frequency of unknown 
fork been 284 cps, then on placing wax its 
frequency would have decreased thereby 
increasing the gap between its frequency 
and the frequency of known fork. This 
would produce high beat frequency. 

To form a node there should be 
superposition of this wave with the 
reflected wave. The reflected wave should 
travel in opposite direction with a phase 
change of x. The equation of the reflected 
wave will be 

y=asin(wt+kx +7) 

=> y=—asin (ot + kx) 

The frequency ofa tuning fork is given by 


mE E 
mor 


As temperature increases, the length or 
dimension of the prongs increases and also. 
young's modulus increases therefore f 
decreases. 


- 10-*sin{ 6001 - 2x9) 


On comparing with standard equation 
у= Asin(ot - loc) 

we get o=600; k-2 

Velocity of wave 


500 _ 300 ms 
2 


The fundamental frequency of vibration of 
the string is given by 


Waves 
& (o 
9» b 
10. (d) 
п. (o 
12. © 
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As the string is vibrating in resonance to 
a.c of frequency n, therefore both the 
frequencies are вате. 

It is given that tuning fork of frequency 
256 Hz makes 5 beats/second with the. 
vibrating string of a piano. Therefore, 
possible frequency of the piano are (256 + 
5) Hz. i.e. either 26 Hz or 251 Hz. When the 
tension in the piano string increases, its 
frequency will increases. As the original 
frequency was 261Hz, the beat frequency 
should decreases, we can conclude that 
the frequency of piano string is 251Hz 


Given, у= 10-6 sin (1007 +20x+ B m 


Comparing it with standard equation, we 
get 


0-100 and k=20 


20 
Frequency of fork 1, по = 200 Hz 

No. of beats heard when fork 2 is 
sounded with fork 1 = An =4 

Now on loading (attaching tape) on 
unknown fork, the mass of tuning fork 
increases, So the beat frequency increases 
(from 4 to 6 in this case) then the frequency 
of the шан fork 2 is given by, 
n=n,—An=200—4= 196 Hz 

р fequend 


vty 
теп 0 =n 
7 


n' 6 
n 5 
ће percentage increase in apparent 
"-n 6-5 
frequency = 222 5100= 20% 


Apparent frequency v'= v] 


= 10000 = 9500) 300 
300-у | 
=300- 300 x 0.95 


= у= 300—285 = 15 ms! 


13. 


14. 


(а) Itis given that 315 Hz and 420 Hz are two 
resonant frequencies, let these be п" 
and (n + 1)" harmonies, then we have 


315 


2t 


and (n 1)——— 


n+l 


Hence 3x =315 
2t 


=>} 2105 He 
20 

The lowest resonant frequency is when 

n=l 

Therefore lowest resonant frequency 

= 105 Hz. 


(1 
(а) Loudness of sound. Ly =): 


La =1010g(2) 
0. 


m (1) 


: Ly -L,= 10 log БЕТЕ ) 
o 


or, AL= 23 
lb b 


or, млөв 1 
2. 


The sound level attenuated by 20 dB ie 


L, -L,- 20 dB 
(1) (11 
or, 20 - 10log| + 2-log| + 
PENTa ^ p) 
о, 1—10? of, 1, - 1L. 
h 27100 


— Intensity decreases by a factor 100. 


Р-102 
15. 


16 


17. 


18. 
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(b) Fundamental frequency for first resonant 
length 


у 


у= У (in winter) 
an Axis 


Fundamental froquency for second resonant 
length 


365 3052 
v'22X- ==" (insummer) 
Aly Ax 
According to questions, 
vM 
4x18. 4xx 


‚ x-3x18x 
v 


ss 
2 x=54x—cm 
Y 
V7 v because velocity of light is greater in 
summer as compared to winter (v oc VT) 


1 ox»54em 
@ Given, 

Wavelength, /= 
Time period, 
y(x.t) = 0.005 cos (ux - t) (Given) 
Comparing it with the standard equation 
of wave 
y(x,t) =a cos (kx — ot) we get 
kza = 2 adf pa 

=a = and o= p= 

2л 2л 
а == Dm amd B= =n 


(b) Maximum number of beats 
= Maximum frequency — Minimum frequency. 


=(v +1)-(v - 1)=2 Beats per second 
и-0 а=2т% v, 

Д ет " Motor 
siren cycle 


Let the motorcycle has travelled a 
distances, its velocity at that point 


u^ =2as 


19. 


20. 


(а) 


@) 


Physics 
The observed frequency will be 


Ea 
" 
osay= [52s 
33 


=>s=98.01 m 


ООР! £ Jz] 
0.04s) / 0.50(m) 


Comparing it with the standard wave 
equation 
y = аѕіп(ог — kx) 
we get 
2л 


o=—— 
0.04 


rad s! 


СШ 
апа 050 


2n 


" 
Wave velocity, v = t 


27 / 0.04 
тов 12.5 m/s 


Velocity on a string is given by 


E 

н 

А T =v? x p=(12.5} х0.04= 6.25 № 
Given 

уф, 9-4 ax’ ibi a abar) 


2 ооа ома хәй) 


MET 


( \ 
xe 21] 

=е Na 

It is a function of type y = f(x + vt) 

Ё 1) represents wave travelling along 

x direction 


— Speed of wave 


у= A sin (oy kx) +A sin (cot + x) 
у 


24 sin cof cos kx 


This is an equation of standing wave. For 
position of nodes 


cos kx = 0 
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Waves 

22. (а) 
23. (а) 
24. 0) 


2n л 
> Ca-Qnepnl 
x 2 


2213 


=0,1,2,3. 


4 
Intensity of a wave 


рм? А?у 


Since, / ос ^o? 

Ij = Qao? 
and Jy © a^ (20)? 

1-5 
In the same medium, p and vare same. 
Intensity depends on amplitudeand frequency. 
Initially for open organ pipe, fundamental 
frequency 

v . 

2h 240) 
where Г, is the length of the tube 


v = speed of sound 
But when it is half dipped in water, it 


vo = 


4, 
becomes closed organ pipe of length 24 
Fundamental frequency of closed organ 
pipe 


Ye = wii) 


Al. 


[ 
New length, le = с 


Thus ve 


Ca 
EE 
From equations (i) and (i 


Ур Ve 


Thus, v, 2 f (5 vo / is given) 
Fundamental frequency, 


wi) 


26. 


27. 


28. 


(d 


(b 


(a 


) 


) 


AC 
(= 1.5 т, за, 


.7 х 103 kg/m? (given) 
2.2 x 10!! N/m? (given) 


Putting the value of £, 2. p and y in сай 


(i) we get, 


73 o f51782Hz 


Length of pipe = 85 cm = 0.85m 
Frequency of oscillations of air column їп 
closed organ pipe is given by, 
‚_ Qn- Du 
fea 


"n £1950 
4L 


4 
(2n-1)x340 


0.85x4 
> 2n-1z12526 


(а) (b) 
The fundamental frequency in case (a) is 
у 


mE 
The fundamental frequency in case (b) is 


v у 


F= WU) 26 
We know that velocity in string is given by 


ДЫ end efi) 


m — massofstring 
Г lengthof string 


where p= 
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а Similarly when the car is moving with 
Thetension Т= ххх i) acceleration a, 


From (1) and (2) 


1 
lving we get 
Ф on solving we ge 
a=- [which is closest to g/5] 

EE 8 

dx 

Z -Jex 31. (a) On comparing with P =P, sin (wt Кх), we 

dt have 

x dx = fg dt o= 1000 rad/s, K 2 3 m^ 


1000 =333.3m/s 


4c 


NIBH ” 


32. (b) Given, у= 0.3 sin (0.157 x) cos (200 лї) 
So, k= 0.157 ando - 2001 - 2nf 


29. (a) In solids, Velocity of wave 


v _ [9.271019 


Ч 200: 
22210 100 Hzand v= ==“ — 4000m/s 
v=5.85 x 10° m/sec k^ 0157 
Since rod is clamped at middle fundamental vu pum dv 2v с 
wave shape is as follow Now using f= 57 = 57 ү [heren=4] 
_2х4000 


80m 


f 100 


33. (a) Given, = 60 ст, m=6 g, 


M2 m/s and Y= 16 x 10" Nm? 
2.=1.2m(-, L=60cm=0.6m (given) 
Using v= D. Using, 
3 
БЯ 


X 2 T 
=4.88 x 103 Hz = 5KHz Again from, Y == AL / Lo 


T 2 
30. (b) Wave speed vE л.= 1 ™ х1 
В А KYA) 
when car is at resta = 0 зо 
_ бика acto эһ 
16x10"! x10 


=0.03 mm 
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Electric Charges 
and Fields 


Ifa charge q is placed at the centre of the line 

joining two equal charges Q such that the 

system is in equilibrium then the value of g is 
[2002] 

(а) 02 (b) -012 

(c) Q4 (d) -0/4 

A charged particle q is placed at the centre О 

ofcubeof length L (4 B C D E F G H). Another 

same charge q is placed at a distance L from О, 

Then the electric flux through ABCD is [2002] 


(а) 4 Ane L (b) zero 
(c) g/2megh (d) g/3xeL 

Ifthe electric flux entering and leaving an enclosed 
surface respectivelyis à, and ф,, the electric charge 
inside the surface will be 12003] 
0) (05-08, (5 (+, 

(с) (0-9), (d) (h +h), 

Three charges -q,, +g, and -q, are place as 
shown in the figure. The x-component of the 
force on -q, is proportional to 12003] 


7. 


(a) 22453080 (v) 
bt a” 
Ч 


(o) 


+з сө (d) 
2 


Two spherical conductors В and Chaving equal 
radii and carrying equal charges on them repel 
each other with a force F when kept apart at 
some distance. A third spherical conductor 
having same radius as that B but uncharged is 
brought in contact with B, then brought in 
contact with C and finally removed away from 
both. The new force of repulsion between В and 


Cis [2004] 
(a) Е® (b 34 
© FA (d) 3F8 


Four charges equal to О are placed at the four 
comers ofa square anda charge q is at its centre. 
If the system is in equilibrium the value of gis 

12004] 


faex) 


0+2) 


A charged oil drop is suspended in a uniform 

field of 3«10* vim so that it neither falls nor rises. 

The charge on the drop will be (Take the mass of 

the charge —9.9 х 10:15 kg and g = 10 m/s?) 
12004] 

(а) LIC — (b) 32x1075C 

(c) 33x108C — (d) 48:10:5С 


(а) -©а+ә) (b) 


[3] ан) (d) 


Р-106 


8. 


10. 


п. 
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Two point charges +84 and —2 are located at 
х= 0 and x = L respectively. The location of a 
point on the х axis at which the net electric field 
due to these two point charges is zero is 


[2005] 
L 
а) T (b 2L 
(с) 4L (d 8L 


A charged ball B hangs from a silk thread 5, 
which makes an angle Ө with a large charged 
conducting sheet P, as shown in the figure. The 
surface charge density c of the sheet is 
proportional to 12005] 


ЁуТТТТТТТА 
a 


B 
(а) cot 0 (b) cos 0 
(c) tan (d) sind 
An electric dipole is placed at an angle of 30° to 
a non-uniform electric field. The dipole will 


experience 2006] 
(а) a translational force only in the direction 
ofthe field 


(b) a translational force only in a direction 
normal to the direction of the field 

(c) atorque as well asa translational force 
(d) a torque only 

Twospherical conductors А and B of radii | mm 
and 2 mm are separated by a distance of 5 cm 
and are uniformly charged. If the spheres are 
connected by a conducting wire then in 
equilibrium condition, the ratio of the magnitude 
ofthe electric fields at the surfaces of spheres A 


and B is [2006] 
(a) 4:1 (b 1:2 
©) 2:1 (9) 1:4 


If gp and gare the accelerations due to gravity 
on the surfaces of the earth and the moon 
respectively and if Millikan's oil drop experiment 


13. 


14. 


could be performed on the two surfaces, one 
will find the ratio 12007] 


electronic charge on the moon 


electronic charge on the carth 10 be 
(а) ger () 1 
() 0 (d) gygy 


A thin spherical shell of radus А has charge Q 
spread uniformly over its surface. Which ofthe 
following graphs most closely represents the 
electric field E(r) produced by the shell in the 
range 0 5 r « co, where ris the distance from the 


centre of the shell? 12008] 


E(r) 10) 


(5) 


(p AA. d 
А Гы 
R 
Ep E 
(à = «9 P 
А charge О is placed at each of the opposite 


corners of a square. A charge д is placed at each 
ofthe other two corners. Ifthe net electrical force 


on Q is zero, then О/д equals: 12009] 
(а) -1 (b) 1 
(с) (d) -2/2 


Let 5-2 be the charge density 


distribution for a solid sphere of radius and 
total charge Q. For a point “Р” inside the sphere 
at distance гү from the centre of the sphere, the 
magnitude of electric field is : 12009] 


o — т (b) 
mgn Ane 
On? 

© xad (d) 0 


Electric Charges and Fields 
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16. A thin semi-circular ring of radius r has a 
positive charge q distributed uniformly over it. 


The net field £ at the centre O is 
[2010] 


(o) 


p 
17. Let there be a spherically symmetric charge 
distribution with charge density varying as 


sir 

(и) = (3 === 
p) - Po 17g 
> R, where ris the distance from the origin, The 
electric field at a distance {г< R) from the origin 


) upto r= К, and p(r)=0 forr 


is given by 12010] 
{5 г) b Ex 4 

Ө 41378) © 38 R 
Por i) (5z) 

© EXE R) GO sa к 


18. Two identical charged spheres suspended from 
а common point Бу two masse: 
length / are initially a distance d(d << /) apart 
because of their mutual repulsion. The charge 
begins to leak from both the spheres at a 
constant rate. Аз а result charges approach each 


other with a velocity v. Then as a function of 


distance x between them, 
(a) vex! (b) vex 
(с) vex (d) vox" 
19. The potential inside a charged spherical Бай is 
given by à = ar? + b where г is the distance from 
the centre and a, b are constants, Then the charge 
density inside the ball is: 12011] 
(a) bar (b) -24лав, 


por] 


trings of 


20. 


21. 


22. 


(c) -бав, (d) -24лав,г 

In а uniformly charged sphere of total charge 

О and radius R, the electric field E is plotted as 

function of distance from the centre, The graph 

which would correspond to the above will be: 
12012] 


4 a 
(c) (d) 


Rr Rr 


Two charges, each equal to q, are kept at х---а 
and.x=a on the x-axis. A particle of mass m and 


charge y= i is placed at the origin. Ifcharge 


qo is given a small displacement (v << a) along 
the y-axis, the net force acting on the particle is 


proportional to 12013] 
@ у () > 

1 1 
© = @ -= 

» y 


A long cylindrical shell carries positive surface 
charge o in the upper halfand negative surface 
charge -c in the lower half. The electric field 
lines around the cylinder will look like figure 
given in : (figures are schematic and not drawn 
to scale 12015] 


) 
Ale 3€ 
© (88) (d) 
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23. The region between two concentric spheres of 25. Three charges +0, q, +0 are placed 
radii ‘a’ and *Р^, respectively (see figure), have respectively, at distance, d/2 and d from the 
4 origin, on the x-axis. If the net force 
volume charge density р = —, where A is а experienced by +0, placed at x = 0, is zero, 
: Н T then valueofg is: [2012] 
constant and r is the distance from the centre. (a) -О/4 (b 402 
At the centre of the spheres is a point charge О. (с) +04 (d -02 
The value of A such that the electric field in the 26, For a uniformly charged ring of radius R, the 
п between the spheres will be constant, is: electric field on its axis has the largest magnitude 
12016] at a distance } from its centre. Then value of h 
is: 12019] 
R R 
(a) Fd (b) яд 
© R @ R2 
27. Two infinite planes each with uniform surface 


24. 


20 
(а) О 
лаг 
oj 
() -2 o 2 
2ла эл(82-а2) 


An electric dipole has a fixed dipole moment р, 
which makes angle with respect to3-axis. When 
subjected to an electric field Ё = Ej, it 


experiences a torque Ñ = ті. When subjected 


to another electric field Ё, -J3Ejj it 

experiences torque 7; = —7 . The angle Ө is. 
12017] 

90° 

45° 


(а) 60° 
(с) 


(b) 


30° (4) 


charge density +o аге kept in such a way that 
the angle between them is 30°. The electric field 
in the region shown between them is given by: 

[2020] 


+0; 


9 


18 


(c) 


(d) 


Electric Charges and Fields 
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СС Solutions 


1. (d) At equilibrium net force is zero, 


2. (None) Electric flux due to charge placed 
outside is zero. But for the charge inside 


the cube, flux due to each face is Ja 
ео 


which is not in option. 


С 


А 


3. (a) The electric flux 4, entering an enclosed 
surface is taken as negative and the electric 
flux ф, leaving the surface is taken as 
positive, by convention. Therefore the net 
flux leaving the enclosed surface, 


9-4,-0, 


According to Gauss theorem 
4 

Фя 
0 


== E= e(-6) 
4. @) Force applied by charge q, on q, 


‚ 442 
Fin =k ue 
Force applied by charge q, on q, 
“4 43 
Ез =k I 
13 a 


The X-component of net force (F,) оп 
qi is Fi) + Fy; sin Ө 


2 Fou B+ D ing 


boa 


к вОс 


x 


x is distance between the spheres. When 
third spherical conductor comes in contact 


Initial force, F = 


with B charge on В is halved i.e., E and 


Q 
2 


charge on third sphere becomes € . Now 


it is touched to C, charge then equally 
distributes themselves to make potential 
same, hence charge on C becomes 


4, 2D 


F new 
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6. (b) For the system to be equilibrium, net field 
at A should be zero 9. (0) Р 
JB E EE, = E, b Tcos0 
0и 
mm (s) 
42. 
mg 
E, Tsin 0= gE i 
А sin 0= 4 (i) 
T cos 0 = mg (ii) 
Dividing (i) by (ii), 


(ап! 


ө-Ф- о | oq 
mg mg K JegK.mg 
=2q »а- 200+) рае 

4 s.c oc tan 0 


7. (c) Given, Electric field, Е = 3 х 105 


Mass of the drop, m = 9.9 х 10:15 kg С 
At equilibrium, coulomb force on drop 
balances weight of drop. 
qF- mg 

."g 
> Е 

-15 
= 28x10 ый =33x10 C As the dipole is placed in non-uniform 
3x10 field, so the force acting on the dipole will 


not cancel each other. This will result ina 
force as well as torque. 


+Q, +Q, 


1. (e) e 
A B 


When the two conducting spheres are 
connected by a conducting wire, charge 
will flow from one to other till both acquire 


same potential, 
2. After connection, V, = V, 
»,к@-к@ — 9. 9o 


n n m 


The ratio of electric fields 


Electric Charges and Fields 


12. 


14. 


b 


[2] 


@ 
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It is obvious that by charge conservaiton 
law, electronic charge does not depend on 
acceleration due to gravity as it is a 
universal constant, 

So, electronic charge on earth 
— electronic charge on moon 

з, Required ratio= 1. 
The electric field inside a thin spherical 
shell of radius R has charge Q spread 
uniformly over its surface is zero. 


Q, xt 


T 


Outside the shell the electric field is 


E-k о These characteristics аге 


represented by graph (a). 

Let F be the force between О and О. The 
force between q and О should be attractive. 
for net force on О to be zero. Let ? be the 
force between Qand q. The resultant of F 
and Fis R. For equilibrium 


AQ) p 


Net force on Qat C is zero. 


2 8-Ё-0 > /1Е--Е 


15, 


(b) 


Let us consider a spherical shell of 
thickness dx and radius x. The area ofthis 
spherical shell = 4x2, 

The volume of this spherical shell = zd. 
The charge enclosed within shell 


2 2 4Q 4 
dq- | —4 [Anc dx] - Pde 
Ч E: ra 
The charge enclosed in a sphere of radius 
гү can be calculated by 
Q= [d 
й ATi 

CEET 

RS к*| 4 |, 
-. The electric field at point P inside the 


sphere at a distance л, from the centre of 
the sphere is 


Р-112 
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16. (c) Let us consider a differential element d! 
subtending at angle dQ at the centre Q as 
shown in the figure. Linear charge density 

4 


22 


dE sin à 


Charge on the element, dg = (Ер 
ar 


= (ra) Ce dl — rd) 
нэ 


Electric field at the center O due to dg is 


d=. 21.8 ар 
209) 2 ne) w? 


Resolving dE into two rectangular component, 
we find the component dE cos Ө will be counter 
balanced by another element on left portion. 
Hence resultant field at О is the resultant ofthe 


component dF sin 8 only. 18. @ 


= (ын) = 6 
arr? єр 2127 єр 


The direction of £ is towards negative y-axis. 
1 B=-—4—j 


17. (a) Letusconsidera spherical shell of radius.x 
and thickness dx. 


Due to shpherically symmetric charge 
distribution, the chrge on the spherical 
surface of radius x is 


5 х 2 
=dVp-4mx2dv= Po| 2-2 |-4пх?ах 
dq = dVp-4mx?dx [> z) d 


2. Total charge in the spherical region from 
centre to r (r< А) is 


5(5 
а = [dq =4np, (- 
Е 


dx 


52-10 3 
TN 2 - К ы |- npor 
ЕР a p | ын 


2. Electric field intensity ata point on this 
spherical surface 


14 


ШЕР 
From figure. 

Tcos0- mg 

Tsin =F, 

Dividing equation (ii) by (i). we get 


cm tano 
k 
Since 0 is small 


< tan Ossin 0= 2) 


Electric Charges and Fields 


19. 


20. 
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үл 
Since ^7 = const. 
dr 


Svar! [> Pox] 
(c) Potential inside a charged spherical ball, 
ф=а?+Ь 
Electric field, E£ = -% 2ar E 
dr 
By Gauss's theorem 
sebo ч 
dus 2 di) 
From (i)and (ii), 
4--8льүад 
= dq =—24ne yar de 
! dq 
Chi density, р=— -6 
arge density, 05:22: --бай 


(c) Electric field inside the charged sphere 


„= e) 
Ё on the surface of the charged sphere 


E-A ИС 


= i 
* дле R? 


E оп апу point away from the uniformly 
charged sphere is given 


21. 


22. 


23. 


Ane м 
Ex lá ИКТ] 

7 
©: Ris the radius of the sphere, which is 
constant, thus £ is maximum and 
constant at the surface of the sphere. But 
decreases on moving away from the 
surface of the uniformally charged sphere. 


© 


© 


F sin 0 


(Ce y<<a) 
So, Fæ y 
Field lines originate perpendicular from 
positive charge and terminate 


perpendicular at negative charge. Further 
this system can be treated as an electric 
dipole. 

Applying Gauss’s law 
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P-114 Physics 
Forequilibrium, 
КУБ =0 
Gaussiam ! 
surfüce 120 а |. „0 
d (а! 4 


Q= pin? 


р 
А 
Q- Гандан ла(2-68| 
а 


For E to be independent of r* 
0-2л4а=0 


о 
2л 


24. (а) Т= PE sin 0 Torque experienced by ће 


dipole in an electric field, 7 = Px Ë 


B =pcosd Î +psin0 


Т = Bx E, =(pcos0i +psindj)* EG) 


tk=pE sind (- £) (i) 
-43Е/ 

соѕӨѓ + psin6j) xV3 E,j 

th = З pE, cosok И] 
From eqns. (7) and (ii) 

pE sinü = J3 pE cosü 

tanO= 3 у. 0-60 


d 
n 


25. (а) Fim, 
d2 q а? +Q 
Force due to charge +O, 


_КОО 

di 
Force due to charge g, 
_ KOq 


(9 


A 


Fy 


26. (b) Electric field on the axis ofa ring of radius R 
at a distance Л from the centre, 


From figure, 


B= b und 
25 


E. 


— -(-cos60^$ — sin 60°ў) 
260 


mm 
289 


Electric field in the region shown in figure 
(Р) 


f^ 
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Electrostatic Potential 
and Capacitance 


(16) 


On moving a charge of 20 coulomb by 2 cm, 2 J 
of work is done, then the potential difference 


between the points is 12002] 
(а) 01V (b 8V 
(0) 2V (d) 05V 


Ifthere are п capacitors in parallel connected to 
V volt source, then the energy stored is equal to. 


12002] 
1 
(a) СУ (b тас 
1 
() си @ „-с@ 
2п 
Capacitance (in F) of a spherical conductor with 
radius | m is 12002] 
(а) 1x10? (b 105 
() 9x10? (d) 10% 


A sheet of aluminium foil of negligible thickness 
is introduced between the plates of a capacitor. 
The capacitance of the capacitor [2003] 
(a) decreases 

(b) remains unchanged 

(c) becomes infinite 

(d) increases 

A thin spherical conducting shell of radius R 
has a charge q. Another charge Q is placed at 
the centre ofthe shell. The electrostatic potential 


R 
ata point P, a distance — from the centre of the 


shellis [2003] 
20 20 24 

(9) алс, ©) але, 46, 
20 4 (а+0)2 


еы 
(© Элек 4ne,R але, 


`D 


The work done in placing a charge of 8 x 10:15 
coulomb on a condenser of capacity 100 
micro farad is 12003] 
(а) 1610722 joule 

(b) 3.1х10726 joule 

(с) 4x107" joule 

(d) 32x10? joule 

Two thin wire rings each having a radius R are 
placed at a distance d apart with their axes 
coinciding. The charges on the two rings are +q 
and -q. The potential difference between the 
centres of the two rings is [2005] 


(a) 
qR 
O mgd 
g oi. 1. 
ате |А VR 4a? 
(d) zero 


A parallel plate capacitor is made by stacking л 

equally spaced plates connected alternatively. 

1f the capacitance between any two adjacent 

plates is “С” then the resultant capacitance is 
[2005] 

(а) (n-DC (b (n-DC 

(e) nC (d C 
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P-116 Physics 
9. А fully charged capacitor has a capacitance ‘C’. q 
Itis discharged through a small coil of resistance A B 
wire embedded in a thermally insulated block of 
specific heat capacity ‘s’ and mass ‘m’. If the 
temperature of the block is raised by “АТ”, the 
dal difisrence “Ve асва the capacitano D c 
potential difference * I^ across the capacitance 
is 12005] mud га 
(а) Ё changes, V remains unchanged 
@ "САТ (b) |2"САТ (b) Ё remains unchanged, V changes 
ы (с) both Ё and V change 
msAT =e ater 
© o = (d) E and V’remain unchanged 
10. Two insulating platesare both uniformlycharged 13: The potential at a point х (measured in jt m) due 
шшр ише tli poveatial: differen oe to some charges situated on the x-axis is given 
4 YARD ою 4 by Их) 20/62 —4) уон. The electric field E 
between them ву, V, -20 V. (i.e., plate 2 isat atx = 4 um is given by 12007] 
a higher potential). The plates are separated by (а) (10/9) volt/ p m and in the +ve x direction 
d= 0.1 mand can be treated as infinitely large. (b) (5/3) voli/ и m and in the vex direction 
An electron is released from rest on the inner (©) 5/3) хой/ m and in the +ve x direction 
surface of plate 1. What is its speed when it hits (d) (10/9) volt/ ji m and in the —vex direction 
plate22(e- 16x 1079 С, т,=9.11 х 10? kg) 14, A parallel plate condenser with a dielectric of 
12006] dielectric constant K between the plates has а 
capacity C and is charged to a potential V volt. 
" The dielectric slab is slowly removed from 
between the plates and then reinserted. The net 
work done by the system in this process is 
k— 0.1 т | 12007] 
1 2 
x @ zero 6) -(K-ncr? 
2 л 
(б) K-D (а) (к-т) си? 
: 5 A parallel pla h air bi h 
265 x 165 ГЭНЭ 15. parallel plate capacitor with air between the 
O 265* ШМК) 702510 ms plates has capacitance of 9 pF. The separation 
(с) 187x10*m/ís (d) 32x10 m/s between its plates is ‘d’. The space between the 
1l. An electric charge 10°} C is placed at the origin plates is now filled with two dielectrics. One of 
(0,0) of X= Y co-ordinate system. Two points A мэн has dielectric constant k, 73 and 
and В are situated at (42, 42) and (2, 0) thickness ст while the other one has dielectric 
respectively. The potential difference between 2d 
the points 4 and В will be 12007] constant k, = 6 and thickness = Capacitance 
(à) 4.5 volts (b) 9 volts of the capacitor is now. 12008] 
(0 Zero (d) 2 volt (a) LSpF. O) 45pF — 
12. Charges are placed on the vertices of a square (с) 40.5 pF (d) 20.25 pF 
16. Two points Р and О are maintained at the 


as shown. Let Ё be the electric field and ће 
potential at the centre. Ifthe charges on A and 8 
are interchanged with those on D and C 
respectively, then 12007] 


potentials of 10 V and — 4 V, respectively. The 

york done in moving 100 electrons from P to О 
12009] 

6) 960x107] (Ы) 224101 

(с) 22410753 — (d) -9.60x10-77 


Electrostatic Potential and сард ХХХ 
17. 
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Two positive charges of magnitude “р are 
placed, at the ends ofa side (side 1) of a square 
of side ‘2a’, Two negative charges of the same 
magnitude are kept at the other corners. Starting 
from rest, ifa charge О moves from the middle of 
side 1 to the centre of square, its kinetic energy 
at the centre of square is [2011 RS] 
(а) zero 


1_260(,, 1) 
Эргэж” (+ 


ө 2301.2) 


алсу а 


zefi) 
4n& a V5. 
This questions has statement-1 and statement- 
2. Of the four choices given after the statements, 
choose the one that best describes the two 
statements. 

An insulating solid sphere of radius R has a 
uniformly positive charge density p. Asa result 
ofthis uniform charge distribution there is a finite. 
value of electric potential at the centre of tlie 
sphere, at the surface ofthe sphere and also at a 
point outside the sphere. The electric potential 
at infinite is zero. 12012] 
Statement -1 When a charge q is taken from the 
centre to the surface of the sphere its potential 


(d) 


energy changes by, UA . 
a 


Statement -2 The electric field at a distance r 
(758) from the centre of the sphere is 2 Р 
50 

(a) Statement 1 is true, Statement 2 is true: 
Statement 2 is not the correct explanation 
of statement 1. 

(b) Statement 1 is true Statement 2 is false. 

(c) Statement 1 is false Statement 2 is true. 

(d) Statement 1 is true, Statement 2 is true, 
Statement 2 is the correct explanation of 
Statement 1 


Assume that an electric field Ё = 30х21 exists 
in space. Then the potential difference V, — Vo, 


where V, is the potential at the origin and V, 
the potential at x=2 mis: 12014] 


20. 


21. 


(а) 1201С (b) -120J/C 
(c) -80J/C (d) 80уС 

A parallel plate capacitor is made of two circular 
plates separated by а distance 5 mm and with a 
dielectric of dialectric constant 2.2 between them. 
When the electric field in the dielectric is 3 х 10* 
V/m the charge density of the positive plate will 
be close to: [2014] 


(а) 6x107C/m^ (b) 3x10 7 с/т? 


(©) 3x1 C/m! (4) 6x10*C/m? 

In the given circuit, charge О, on the 2uF 
capacitor changes as C is varied from 1F to 
3uF. Q, asa function of'C' is given properly by: 
(figures are drawn schematically and are not 
to scale) 12015] 


Charge 
о, , 
o 1 
EET ar С 
Charge 


[A 
©) М 


© |») 


Charge 
Q: 1 
@ | 
{ ЖЕ 
mi 3uF 


Р-118 
22. 


23. 


24. 
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A uniformly charged solid sphere of radius R 
has potential V, (measured with respect to оо) 
on its surface. For this sphere the equipotential 


ЗУ, 5% y 


surfaces with potentials =, and 
P nne 


M 
Лү have radius К, К, R, and R respectively. 


Then [2015] 
(а) R,-OandR, «(R,-Rj) 
(b) 2R<R, 


() R,=OandR,>(R,-R,) 
(d) R, #0 and (R,—R,)>(R,—R,) 


A combination of capacitors is set up as shown 
in the figure. The magnitude ofthe electric field, 
due toa point charge Q (having a charge equal 
to the sum of the charges on the 4 uF and 9 pF 
capacitors), at a point distance 30m from it, would 


equal : 12016] 
заг 
4u Е + 
9р F 
FR 
2p F 
fJ 
зү 
(а) 20NIC (b) 480N/C 
(c) 240N/C (d) 360N/C 


A capacitance of 2uF is required in an electrical 
circuit across a potential difference of 1.0 kV. A 
large number of ІАЕ capacitors are available 
which can withstand a potential difference of 
not more than 300 V. The minimum number of 
capacitors required toachievethisis [2017] 
@ 24000) 2 @2 @ 
Three concentric metal shells A, B and C of 
respective radii a, band c (a< b< c) have surface 
charge densities +c, — and + respectively. 
The potential of shell B is: 12018] 


26. 


27. 


28. 


Physics 


в [а?-Ь? 
@ =| 


A parallel plate capacitor of capacitance 90 pF is 
connected toa battery ofemf20V. Ifa dielectric 


material of dielectric constant k is inserted 


between the plates, the magnitude of the 


induced charge will be: 12018] 
(à 12nC (b) 03nC 
() 24nC (d) 09nC 
A parallel plate capacitor is made of two square 


plates of side ‘a’, separated by a distance d 
(d<< а). The lower triangular portion is filled 
with a dielectric of dielectric constant K, as 
shown in the figure. Capacitance of this 


capacitor is: 12019] 
d 
—— 
Ка? i Kec në 
@ UK © ак) 18 
() 5509 шк p 15906. 
2 d 


A system of three charges are placed as shown 
in the figure: 12019] 


If D >> d, the potential energy of the system is 
best given by 
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i m (с) 24651041 (d) 255 1057 
1 E Pd 31. A parallel plate capacitor has plates of area A 


a 5 
@ 4neg| d 2p? separated by distance ‘d’ between them. It is 
filled with a dielectric which has a dielectric 
1 constant that varies as k(x) = K(1 + ох) where 
O ae, ‘x’ is the distance measured from one of the 
plates. If (ad) << 1, the total capacitance of the 
i system is best given by the expression: [2020] 
© ma Г 
/ | 
Ста | 
29. Determine the charge on the capacitor in the Й 
following circuit: 12019] / | 
aly 4 AK еу оа 
RV HM @ 7 ( 2 | 
(a) 60uC (b 2uC В 42411 E 
(c) ис (d) 2000€ d | 2 


30. А capacitor with capacitance 5 uF is charged to 


5 uC. Ifthe plates are pulled apart to reduce the 
capacitance to 2 pF, how much work is done? o 2®К 
12020] 4 
(а) 625х106] (b) 3.75% 1057 | 
(d) AK olad) 
d 


Answer Key 
aq] ps] zer EG] ШЕТШЕН от тш | 28| аз S 
(а) | (b) | (а) | (9) | (c) | (9) | (а) | (9 | (6) | (а) | (с) | (а) | (а) | (а) 
16 [17 | 18 | 19 [ 20 [21 [22 [23 [24 | 25 [26 [ 27 | 28 | 29 


(а) (5) | 09 | @ [| à» 


Р-120 
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Physics 


cC 


25 


(а) By using 
W-qV,-V) 


21 
z Vg- = 01JC-01V 
Vs A 20C 
(b) In parallel, equivalent capacitance of n 


capacitor of capacitance C 


С=пс 
Energy stored in this capacitor 
1 cy? 
E- 3C 
(пс)? =Le? 
псу? =n 
C 
C 
л times, а 
„© = 3 
Lo 
— M 
Alternatively 


Each capacitor has a potential difference 
of V between the plates. 
So, energy stored in each capacitor 


2. Energy stored in n capacitor 


1 
4 [с] 
2 
(а) Capacitance of spherical conductor = 


ATER 
Here, R is radius of conductor 


1 


2 C=mg R= xIzldx10 "°F 
Мин 
(b) Thecapacitance without aluminium foil is 
„_ 504 
ed 
Here, d is distance between the plates ofa 
capacitor 


© 


@ 


@) 


А = Arca of plates of capacitor 
When an aluminium foil of thickness ¢ is 
introduced between the plates. 

сод 

4-1 

Ifthickness of foil is negligible 50 d-t ~ d. 
Hence, C=C’, 

Electric potential due to charge Q at point. 
Pis 


Capacitance, C’ 


2 


1 0 1 20 


Idus, R/2 Алс, R 


Electric potential due to charge q inside 
the shell is 


г. The net electric potential at point P is 
1 2 
2 20, 1 4 
4nt, R Апе, R 


The work done is stored in the form of 
potential energy which is given by 


Electrostatic Potential and cap 
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Potential at the center of ring of charge +q 
= potential due to iteself+ potential due to. 


other ring of charge -q. 


Potential at the centre of ring of charge -g 


= potential due to itself + potential due to. 


other ring of charge +g. 


UEBER M 
Freg | R 


plate ofall (л 


As n plates are joined alternately positive 
1) capacitor are connected 


to one point and negative plate of all 


(п — 1) capacitors are connected to 


other 


point. It means (7-1) capacitors joined in 


parallel. 
2 Resultant capacitance = (n — 1)C 
Applying conservation of energy. 


Electric potential energy of capacitor = heat 


absorbed 


lèr? = msr V= 
2 


10. (а) 


potential difference 


Gain in kinetic energy = work done by 


A(22) 


o х 
(0,0) т? В(2,0) 


The distance ofpoint A( V2, /2) from the 


origin, 


„ Ju «(5 = V4 -2unis 

The distance of point B(2, 0) from the 

origin, 

ra= AQ -(0) 72 units. 

Now, potential at А, due to charge Ө = 102C 
1 2 

Potential at B, due to charge Q = 10° QC 

[2-150 


87 апер (y) 


2. Potential difference between the points 
A and Bis given by 


4273) 


4т єр 


ETE 
As shown in the figure, the resultant 


electric fields before and after 
interchanging the charges will have the 
same magnitude, but opposite directions. 
As potential is а scalar quantity, So the 
potential will be same in both cases. 


Р-122 
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13. (a) Given, potential Их)= 


Electric field E= -É 
p 


"I 
(х2 -4)? 
Aix-4pm, 
2, 40x4 160 10 
T y mc =t volt /um. 
(4 —4 144 9 


Positive sign indicates that Ё is in +ve x- 


direction. 
14. (а) 


capacitor is given by U = =. 


When a dielectric slab is introduced 
between the plates the energy is given by 


Again, when the dielectric slab is removed 


volt 
4 


The potential energy of a charged 


» Where K is the dielectric constant, 


17. 


6. 


Physics 


slowly its energy increases to initial 
potential energy. Thus, work done is zero. 


43 243. 
NN 
(c) АМ НЕЕ 


The capacitance with air between the plates 
C= sot =9рЕ 

On introducing two dielectric between the 
plates, the given capacitance is equal to 
two capacitances connected in series 
where 


kad 3&4 
а= = 

di3 d/3 
_3х3еуА _ 964 
сой ^d 
and 


ked _ 30604 


NE TE 
3x594 9&4 
(| — 2d d 


The equivalent capacitance C, is 


198200 


Sp 


бы б © 
_ 4d, d 2d 
9&4 9&4 9&4 


9 
3X9 PF =405рЕ 


(©) Work done, = (70 Vp) 


=(-100 x 1.6 x 1019-4-10) 
2,24 x 10-16] 
(d) Initial potential of the charge, 


Electrostatic Potential and cap MI EEBOOKS.I N 


2 == -Е) 
44 Ба V5 
: kq 
(Here potential due to each у = — and 
a 


-k 
potential due to each - q= 22 


S 
2a 
4 ТА а 
2n iB 


вь 


еф 


Final potential of the charge 
(70 
(77 Point B is equidistant from all the four 
charges) 
Using work energy theorem, 
(Wp)etectric 7 ОСУ — Vp) 


22401, 12 
4nEyal 45 

йн ger ] 
5 (4ле) a 


The potential energy at the centre of the 
sphere 


© 


© 


y, = 2X04 

2R 
The potential energy at the surface of the 
sphere 


20. @) 


Now change in the energy 
AU -U, -U, 


P-123 


6€ 


Using Gauss's law 


4 рз 

ИЕ Вх лк 

[£d Эв 
0 Ey 

Вх4тЁ? 


Р, JEdA(cos 9-5 
0 


4 3 1 
= EaR) хул хр 


fpa 
3 


к 
вээ 
Fo (r<R) 


Potential difference between any two 
points in an electric field is given by, 


dv= -E-dé 


Ё, 2 
f dV =-|зо?ах 
Vo 0 


Va -Vo =-[10x°  --80//С 
Electric field in presence of dielectric 
between the two plates of a parallel plate 
capaciator is given by, 
28 
Ke 


Then, charge density 
о-КвуЕ 
=2.2 «8.85 x 10-1? x3 x 104 
~6 * 10-7 Chm? 
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i R,-4R 
21. (d) Q 1 Also, R} = OandR, < (R, - В) 
Q 
= 3uF E a" 
C 23. (a) Aut ЮИ Cis 4uF_12HF = Cp 
к! 
T 0, 2yuF 3 |, 
ШТ 
шиг 8V 
From figure, 0, 777-0 -20 
rom figure, ЕЕ " 
QUE cune C eq - (s) t] = 
- (08) 
0-5 cus эс 
2(3СЕ \ 2CE 1 4 
- The voltageacross Св Vp= х8 =2V 
2 eal С+з tageacross Cp is Ve=7 ту 


Therefore graph d correctly dipicts. 


Charge 


1НЕ 3uF 


22. (à) Weknow, wo = V surface 


Ka a 2 
Now, Уг эл OR?) [Forr<R] 


At the centre of sphare r = 0. Here 


КЧ (за? =?) 
2R 


2. Voltage across ОЦЕ is also2V 
^. Charge on 9нЕ capacitor -9 x 2 = 18uC 
2. Total charge on 4 uF and 9pF = 42uC 
KQ 42x10% 


КО 9x10? 
2 7710 30x30 


-420NC 


24. () To get a capacitance оЁ2НЕ arrangement 
of capacitors of capacitance 1 HF as shown 
in figure 8 capacitors of IF in parallel with 
four such branches in series i.e., 32 such 
capacitors are required. 


JH 
2 2 
ais “|ы 


100V 


8HF ВЦ BUF 8р 


250ү 250V 2524 250V 


1000 V 


ee oil 
888 ^C 


Ej 
Li 
i 
* 


1 
8 


С, 


eq 


25. (b) Potential outside the shell, 
KQ 


Voutside 7 —- 


Electrostatic Potential and cap MINE 


where r is distance of point from the 
centre of shell 


Kí 
Potential inside the shell, Vinside = E 
where * R" is radius of the shell 


с 


ç 
бу) 
[s 
v, = Naa Кав у Кас 
5 Th т (2 


1 | вёла! _в4ль? 
b b 


26. (a) Charge on Capacitor, О,= CV. 
After inserting dielectric ofdielectric 
constant = К. O,=(kC) у 
Induced charges on dielectric 
0,2-0,-0,-КСУ-СУ 


- Е 5 
(K-DC r- (54) x 90 pF x 2V = 12nc 


27. 0) 
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PME 
prem 


d 

or, C= 60-4 [— —. 
d 1 

өн | 


ҮР 


(-4)4 


Alternatively remember 


Wea (1 наан 


(К-1)4 


Негей,-1,4,-4,4-48 


_ кав 


m 
d(1-4) "ex а(к-1) 


dic. Ex qu» 
dC  Ksgady кушй 
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P-126 Physics 
5 È 404 а? Gar 
“Зав d pp. 0 BENE 
29. (d) Atstcadystate, there is no current in capacitor. сз пат. | 
20 and 100 are in series. There equivalent 34+ @ Given, Ko) = К(1+ол) 
resistance is 120. This 120 is in parallel with mer 
40 and there combined resistance is 12 * 4/ B ^^. - 
(12--4). This resistance is іп series with 60. dina 
Therefore, current drawn from battery =. G с=т 
d 
у= ЫШ LL Wee 
ПИРИН! C) Сы S дайтах) 
1244 
m. Ч 
dm. In( 
сакла!" «Ой 
Wi 
лай In(1-ad)[ad << 1] 
C^ Кла 


Current in 10Q resistor 


С) 
4+12 


Ра across capacitor, V =? К=2х 10=20V 
Charge on the capacitor, q CV 
= 10*20=200 pC. 
30. ® 


I 
SI. 
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Current 
Electricity 


Ifan ammeter is tobe used in place ofa voltmeter, 
then we must connect with the ammeter a [2002] 
(а) low resistance in parallel 

(b) high resistance in parallel 

(c) high resistance in series 

(d) low resistance in series. 

A wire when connected to 220 V mains supply 
has power dissipation P}. Now the wire is cut 
into two equal pieces which are connected in 
parallel to the same supply. Power dissipation in 


this case is P,. Then Р,: P, is 12002] 
(а) 1 (b 4 

© 2 (d) 3 

Ifin the circuit, power dissipation is 150 W, then 
Ris 12002] 


20 
т 

@) 20 (b во 
© 50 (d) 40 
The mass of product liberated on anode in an 
electrochemical cell depends on 12002] 
(à) (1012 (b) 77 
(с) Mt (d) Pr 
(where ris the time period for which the current 
is passed). 


The length of a wire ofa potentiometer is 100 
cm, and the e. m.f. ofits standard cell is E volt. It 
is employed to measure the e.m.f. of a battery 
whose internal resistance is 0.5Q, Ifthe balance 
point is obtained at / = 30 cm from the positive 


end, the e.m.f. of the battery is 2003] 
зог 30Е 
@ 1005 (9 (100-05) 


30(E -0.5i) 30E 
© — @ 700, 
where iis the current in the potentiometer wire. 
The thermoe:m.f. ofa thermo-couple is 254 V/ 
°C at room temperature. A galvanometer of 40 
ohm resistance, capable of detecting current 
as low as 10-5 A, is connected with the thermo 
couple. The smallest temperature difference 
that ean be detected by this system is [2003] 
(a) 16°C (b) 12°С 
(с) 8°C (d) 20°С 
The negative Zn pole of a Daniell cell, sending 
a constant current through a circuit, decreases 
in mass by 0.13g in 30 minutes. If the 
electeochemical equivalent of Zn and Cu are 
32,5 and 31.5 respectively, the increase in the. 
mass of the positive Cu pole in this time is 
12003] 
(a) 0.180 g (b) 0.1418 
(c) 0.126 g (d) 0242 g 
А 3 volt battery with negligible internal 
resistance is. connected in a circuit as shown 
in the figure. The. current 1, in the circuit will 
be 12003] 


Зи 


зо 
(а) 1А (0) 15А 
(с) 2А (d) 13А 
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10. A220 volt, 1000 watt bulb is connected across (b) metals with high temperature coefficient of 
a 110 volt mains supply. The power consumed resistivity 
will be [2003] (c) metals with low temperature coefficient of 
(а) 750watt (b) 500 watt resistivity 


12. 


13. 


(c) 250 watt (d) 1000 watt 

The length of a given cylindrical wire is 
increased by 100%. Due to the consequent 
decrease in diameter the change in the 


resistance of the wire will be [2003] 
(a) 200% (b) 100% 
(c) 50% (d) 300% 


The total current supplied to the circuit by the 
battery is [2004] 


s 3 зо 


(a) 4А (b) 2А 
(с) 1А (d) 6A 

The resistance of the series combination of two 
resistances is S. when they are joined in parallel 
the total resistance is P. If 5 = nP then the 


minimum possible value of л is [2004] 
(a) 2 (b) 3 
(c) 4 (d) 1 


An electric current is passed through a circuit 
containing two wires of the same material, 
connected in parallel. If the lengths and radii 


DW V] 
arein the ratio of — and =, then the ratio of 


the current passing through the wires will be 
12004] 

(а) 8/9 (b) 1/3 

(с) 3 @) 2 

In a meter bridge experiment null point is 

obtained at 20 cm. from one end ofthe wire when 

resistance X is balanced against another 

resistance Y. IfX< Y, then where will be thenew 

position of the null point from the same end, if 

one decides to balance a resistance of 4 X against 


Y 12004] 
(a) 40 cm (b) 80 cm 
(c) 50 em (d) 70 cm 


The thermistors are usually made of [2004] 
(a) metal oxides with high temperature 
coefficient of resistivity 


18. 


19; 


21. 


22. 


(d) semiconducting materials having low 
temperature coefficient of resistivity 
Time taken by a 836 W heater to heat one litre of 

water from 10°C to40*C is [2004] 

(а) 1508 (b) 100s 

(с) 50% (4) 2008 

The thermo emf of a thermocouple varies with 

the temperature 0 of the hot junction as 

E= a0 + b? in volts where the ratio a/b is 700°C. 

Ifthe cold junction is kept at 0°C, then the neutral 

temperature is [2004] 

(а) 1400°C 

(b) 350°C 

(с) 700°C 

(d) No neutral temperature is possible for this 
termocouple. 

The electrochemical equivalent of a metal is 

3.351097 kg per Coulomb. The mass of the metal 

liberated at the cathode when a 3A current is 

passed for 2 seconds will be [2004] 

(a) 6.6x10%kg (b) 99x107kg 

(с) 198x107kg — (d) 1.1x107kg 

A heater coil is cut into two equal parts and only 

one part is now used in the heater. The heat 

generated willnowbe [2005] 

(a) fourtimes (b) doubled 

(c) halved (d) one fourth 

In the circuit , the galvanometer G shows zero 

deflection. If the batteries A and B have 

negligible internal resistance, the value of the 

resistor R will be - [2005] 


(a) 1000 
(c) 10000 


(b) 2000 
(d) 5000 


Current Electricity 


24. 


26. 


27. 


28. 
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Two sources of equal emf are connected to an 
external resistance R. The internal resistance of 
the two sources аге Капа R, (А, > Ry). If the 
potential difference across the source having 
internal resistance R is zero, then 

[2005] 
(а) R-R,-R 
() R= Ry x (Ri + RS -R) 
(с) R= RR (Ry -R) 
(d) R= RR; (А R3) 
Two voltameters, one of copper and another of 
silver, are joined in parallel. When a total charge 
q flows through the voltameters, equal amount 
of metals are deposited. If the electrochemical 
equivalents of copper and silver are Z} and Z3 
respectively the charge which flows through the 


silver voliameter is [2005] 
4 4 
e —5 O > 
1422 +2 
AZ 2 
2 A 
(c) TA (d 4 7, 


Ina potentiometer experiment the balancing with 
a cell is at length 240 cm. On shunting the cell 
with a resistance of 2, the balancing length 
becomes 120 em. The internal resistance of the 


cell is 12005] 
(а) 0.50 () 10 
© 20 (4) 40 


The resistance of hot tungsten filament is about 
10 times the cold resistance. What will be the 
resistance of 100 W and 200 V lamp when not in 


use ? 12005] 
@ 200 (b 400 
(с) 2000 (d) 4000 


An energy source will supply a constant current 

into the load if its internal resistance is [2005] 

(а) very large as compared to the load 
resistance 

(b) equal to the resistance of the load 


29. 


30. 


31. 


32. 


(c) non-zero but less than the resistance of 
the load 

(4) zero 

The Kirchhoffs first law (£i = 0) and second law 

(XiR = XE), where the symbols have their usual 

are respectively based on [2006] 

(a) conservation of charge, conservation of 
momentum, 

(b) conservation of energy, conservation of 
charge 

(c) conservation of momentum, conservation 
of charge 

(d) conservation of charge, conservatrion of 
energy 

A material 'B' has twice the specific resistance of 

'A'. A circular wire made of 'B' has twice the 

diameter of a wire made of ' A". then for the two 

wires to have the same resistance, the ratio /,/7, 


of their respective lengths must be — [2006] 
1 
@ 1 9 5 
1 
Ee 2 
© 7 (d) 2 


A thermocouple is made from two metals, 

Antimony and Bismuth. If one junction of the 

couple is kept hot and the other is kept cold, 

then, an electric current will [2006] 

(a) flow from Antimony to Bismuth at the hot 
junction 

(b) flow from Bismuth to Antimony at the cold 
junction 

(c) now flow through the thermocouple 

(d) flow from Antimony to Bismuth at the cold 
junction 

Thecurrent I drawn from the 5 volt source will be 


i 12006] 


5 volt 
(b) 05A 


(d) 0.17A 


(а) 033A 
(с) 067A 
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33. The resistance of a bulb filmanet is 1000 at a The value ofthe unknown resistor Ё is [2008] 
temperature of 100°C. If its temperature (а) 13.750 (b 2200 
coefficient of resistance be 0.005 рег °С, its (c) 1100 (d 550 


34. 


35. 


36. 


37. 


38. 


resistance will become 200 Q at a temperature of 
12006] 

@ 300C (b) 400°C 

(c) 50C (d) 200°C 

In a Wheatstone’s bridge, three resistances Р, 
Q and R connected in the three arms and the 
fourth arm is formed by two resistances S, and 
5, connected in parallel. The condition for the 


bridge to be balanced will be [2006] 
P__2R PRS +S) 

9 grs © g^ 550 
PRS +S) POOR 

оо 25,8; 0 545 


An electric bulb is rated 220 volt - 100 watt. The 
power consumed by it when operated on 110 


volt will be [2006] 
(а) 75 watt (b) 40 watt 
(c) 25 watt (d) 50watt 


А battery is used to charge a parallel plate 
capacitor till the potential difference between 
the plates becomes equal to the electromotive 
force of the battery. The ratio of the energy 
stored in the capacitor and the work done by 


the battery will be [2007] 
@ 12 (b) 1 
() 2 (d) 14 


The resistance of a wire is 5 ohm at 50°C and 6 
ohm at 100°С. The resistance of the wire at 0°C 


will be 12007] 
(а) 3ohm (b) 2ohm 
(c) lohm (d) 4ohm 


Shown in the figure below is a meter-bridge set 
up with null deflection in the galvanometer. 


550 R 


DIRECTIONS : Question No. 39 and 40 are based оп 
the following paragraph. 


39. 


40. 


Consider a block of conducting material of 

resistivity “р” shown in the figure. Current ‘T 

enters at ‘A’ and leaves from *D'. We apply 

superposition principle to find voltage “ЛУ? 
developed between *B' and ‘C’. The calculation 
is done in the following steps: 

© Take current ‘I’ entering from *A' and 
assume it to spread over a hemispherical 
surface in the block. 

(i) Calculate field E(r) at distance 'r" from A by 
using Ohm's law E = p j, where j is the 
current per unit area at ‘r’. 

(8) From the “г” dependence of E(r), obtain the 

potential V(r) at r. 

Repeat (i), (ii) and (iii) for current T leaving 

*D' and superpose results for ‘A’ and ‘D’. 


(iv) 


Do «ли 1 


AV measured between Band Cis [2008] 
pL gr pror. 

@ ла natb) a (ab) 
php pl 


© Зла math ma-d) 
For current entering at А, the electric field at a 


distance ‘r’ from A is 12008] 
pl pl 

8) ox (b) 
n 


Current Electricity 


4l. 


42. 


43. 
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A SV battery with internal resistance 2Q and a 
2V battery with internal resistance 10 are 
connected to a 10Q resistor as shown in the 


figure. 12008] 
P, 

зу 

20 100 ү 


The current in the 100 resistor is 

(a) 027 AP, to P, (b) 0.03 AP, to P, 

(c) 0.03 AP, to P, (d) 027 AP, to P, 

Let C be the capacitance of a capacitor 
discharging through a resistor R. Suppose t, is 
the time taken for the energy stored in the 
capacitor to reduce to half its initial value and 
t, is the time taken for the charge to reduce to 
one-fourth its initial value. Then the ratiot,/ t, 


will be [2010] 
1 
@) 1 0-5 
1 
(c) 7 (d) 2 


Two conductors have the same resistance at 0°C 
but their temperature coefficients of resistance 
are a, and а,. The respective temperature 
coefficients of their series and parallel 
combinations are nearly 12010] 


[E 
@ TF ахад 


[ER 
(b) titip m= 


9192 


aj +0, 
(© ЕСЕТА 


(4) 


Qj. Qs 
э * 2 


44. 


45. 


46. 


4T. 


48. 


Ifa wire is stretched to make it 0.1% longer, its 
resistance will : [2011] 
(8) increaseby 0.2% 

(b) decrease by 0.2% 

(c) decrease by 0.05% 

(d) increase by 0.05% 

If 400 О of resistance is made by adding four 
100 Q resistances of tolerance 5%, then the 


tolerance of the combination is [2011 RS] 
(a) 5% (b) 10% 
(с) 15% (b) 20% 


The current in the primary circuit of a 
potentiometer is 0.2 A. The specific resistance 
and cross-section of the potentiometer wire are 
4x 10-Tohm metre and 8 x 10-7m?, respectively. 
The potential gradient will be equal to 
[2011 RS] 

(à) 1Vim (b) 05Vim 
(c) 0.1 V/m (d) 02V/m 
Twoelectric bulbs rated 25W —220 V and 100W 

220V are connected in series to a 440 V supply. 
Which of the bulbs will fuse?[2012] 
(а) Both (b) 100W 
(с) 25W (d) Neither 
The supply voltage to room is 120V. The 
resistance of the lead wires is 60. A 60 W bulb is 
already switched on. What is the decrease of 
voltage across the bulb, when a 240 W heater is 


switched on in parallel to the bulb? [2013] 
(а) zero (b) 29 Volt 
(c) 133 Volt (d) 10.04 Volt 


In a large building, thereare 15 bulbs of40 W, 5 
bulbs of 100 W, 5 fans of 80 Wand 1 heater of 1 
kW. The voltage of electric mains is 220 V. The 
minimum capacity of the main fuse of the 


building will be: 12014] 
(a 8A (b) 10А 
(с) 12А (d) 14A 


When 5V potential difference is applied across. 
a wire of length 0.1 m, the drift speed of electrons 
is 2.5 x 104 ms". Ifthe electron density in the 
wireis 8 х 102 nr, the resistivity of the material 


is close to: 12015] 
(a) L6*105Om (b) 1.6х1050т 
(с) 16х10%От (d) 1.6х107От 
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52. In the circuit shown, the current in the 10 In theabove circuit the current in each resistance 
resistor is : 12015] is 12017] 
(4) 05А (b 0A 
Y 22. (с) ТА (d) 025^ 
56. Two batteries with e.m.f. 12 V and 13 V are 
19 79V connected in parallel across a load resistor of 
100. The internal resistances of the two batteries 
3б Q 30 are 10 and 20 respectively. The voltage across 
the load lies between: 12018] 
(а) 0.13A, fromQtoP (а) 1L6Vandll.7V (b) 1L5Vandll.6V 
(b) 0.13A, from PtoQ (c) 114Vand1L5V (d) 117 Vand 1.8 V 
(с) L3AfromPtoQ 57. Ina potentiometer experiment, it is found that 
(d) 0A no current passes through the galvanometer 
53. The temperature dependence of resistances of when ШИМИ the cell are connected 
Cu and undoped Si in the temaperaturo fang. across 52 ст of the potentiometer wire. If the 
300-400 K, is best described Бу: 12016] cell is shunted bya resistance of 5 О, a balance. 
è я : is found when the cell is connected across 40 
(a) Linear increase for Cu, exponential Капоне ^ ү 
dm isi cm of the wire. Find the internal resistance of 
иин the cell. [2018] 
(b) "s decrease for Cu, linear decrease for @ 10 (b 150 
(c) Linear inerease for Cu, linear increase for Ө. @ 250 
SL 58. Оп interchanging the resistances, the balance 
ENDE Я P point of a meter bridge shifts to the left by 10 
(d) Linear increase for Cu, exponential increase : гоол Бар 
гэгч cm. The resistance of their series combination is 
1 ` 1 9 " 1КО. How much was the resistance on the left 
54. Which ofthe following statements is false ? slot before interchanging the resistances? 
12017] (а) 9900 (b 505Q [2018] 
(a) А rheostat can be used as a potential (с) 5500 (d 9102 
divider 4 S9. When the switch S, in the circuit shown, is 
(b) Kirchhofl's second law represents energy closed then the valued of current i will be: 
conservation 12019] 
(c) Wheatstone bridge is the most sensitive 
when all the four resistances are of the 20V. i с i 40V 


55. 


same order of magnitude 


(d) Ina balanced wheatstone bridge if the cell 
and the galvanometer are exchanged, the 
null point is disturbed. 


2v 2V 2V 


H 
ин | 


10 10 


2v 2v 2v 


(a) 3A (d) 2A 


(b) 5A. 


(c) 4A 


Current Electricity 
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60. A resistance is shown in the figure. Its valueand 


61. 


62. 


63. 


tolerance are given respectively by: 


[2019] 


RED ORANGE 
a P 


EN 
VIOLET SILVER 


(a) 2709,10% (b) 27КО, 10% 
(c) 27КО,209, (d) 2709,5% 

А copper wire is stretched to make it 0.5" longer. 
The percentage change in its electrical 
resistance if its volume remains unchanged is: 

12019] 

@) 209 (b) 25% 

(c) 1.0% (d) 05% 

Drift speed of electrons, when 1.5 A of current 
flows in a copper wire of cross section 5mm, is 
v. Ifthe electron density in copper is 9 х 102%? 
the value of v in mm/s close to (Take charge of 


electron to be = 1.6 х 10- 9C) 12019] 
(a) 002 (b) 3 
© 2 (d) 02 


A wire of resistance R is bent to form a square 
ABCD as shown in the figure. The effective 
resistance between E and C is: (E is mid-point 
ofarm CD) 12019] 


64. 


ғ-133 
^ B 
D É C 
a) R » AR 
@) ® ou 
EN: d) LR 
(c) 1 (4) 16 


The current /,(in А) flowing through 1 О resistor 


in the following circuit is: 12020] 
nio 
20 
10 
20 
J} 
ТУ 
(а) 04 (b) 05 
© 02 (d) 025 


Answer Key 
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L © 
200 
3 b 


Solutions 


Physics 


cc 


25 


To usean ammeter in place of voltmeter, we 
must connect a high resistance in series 
with the ammeter. Connecting high 
resistance in series makes its resistance 


much higher. 
Case 1 Initial power dissipation, 
R 
A 
e 
Case 2 


When wire is cut into two equal pieces, the 


R 
resistance of cach piece is, . When they 


are connected in parallel 


" x R/2 R 
Equivalent resistance, К = 234 
A RA 
y 
Power dissipated, 


The equivalent resistance of parallel 
combination of 2Q and A is 


R -22 
“248 


2. Power dissipation P 


225x(R+2) 


= 150= 2R 


2R 
2+R 2 

S4R=6+3R 

>R=69Q 


4. 


(b) From the Faraday's first law of electrolysis 


@ 


(а 


) 


) 


(c) 


т= Zlt =т= It 
From the principle of potentiometer, 
Vol 
Ifa cell of emF Е is employed in the circuit 
between the ends of potentiometer wire of 
length L, then 
Pah 
E L 

El 30E 
mE == 
L 100 


Ё MOTE In this arrangement, the internal 
resistance of the battery E does not play 
any role as current is not passing through 
the battery. 

Let the smallest temperature difference 
be 0°C that can be detected by the 
thermocouple, then 

Thermo emf- (25 x 10:58 

Let Z is the smallest current which can 
be detected by the galvanometer of 
resistance R. 

Potential difference across galvanometer 
IR = 105 40 

1 105 x 40 = 25 x 105 0 

= 0= 16°С. 

According to Faraday’s first law of 
electrolysis 

m= Zx1xt 

When Z and ris same, m «c Z 

Zou 

2 


тс, 


ту 
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9. (b) In the given circuit, resistance of 3Q is in 
parallel with series combination of two 3Q 
resistance. 
3x6 18 
MENS 12. (а) 
3-6 9 
Using ohm's law /— /R. 
6v 6v 
эг ml iis 
мема 18, 
ю ES | 
hence Ry= 3/2) 1-6 =4A 
eneR 73. — Mor 
i 13. (c) Let Ry and R, be the two given resistances 
I Resistance of the series combination, 
S=R +R, 
зо 2d Resistance of the parallel combination, 
-Ri 
“RR, 
10. (с) We know that resistance, As per question 5= nP 
7) 220)? 
к= ааа OO уу э +в, „ЁЁ. 
Patea 1000 (Ry +R) 
When this bulb is connected to 110 volt = (R, + R= nRR, 
mains supply we get Minimum value of is 4 for that 


(R, + R,P=4R,Ry 


“Одоо ава 
11. (d) Since volume of wire remains unchanged 
on increasing length, hence 


14. (5) 
2 gan Axe A 
W 2 2 
Percentage change in resistance 
When wires are in parallel to the circuit 
potential difference across each wire is 
J] x100 


4 | нө-встаө 
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15. (с) 
16. Q) 
17. (a) 
18. @ 
19. © 
21. 0 


From the balanced wheat stone bridge 
В _(| 

ГИА 

where (,— 100—, 


In the first case X = 20 
Y 80 

ү-ах 

In the second сазе 

4. |4 


Y 100-£ 
ax d 
> ay 100-7 

=> (=50 


Thermistors are usually made of 
metaloxides with high temperature 
coefficient of resistivity. 
Heat supplied in time for heating 1L water 
from 10°C to40°C 
=mC, x AT 
= 1 x 4180 x (40 —10)=4180 x 30 

But AQ- P x t= 836 хг 

ee 4180x 30 = 150s 

836 

Given E = a0 + БӨ? 
> ae =a+2b0 

dð 
At neutral temperature 


hence no Ө is possible for E to be maximum 
no neutral temperature is possible. 

From the Faraday's first law of electrolysis, 
т= Zit 

тэт-33х107х3х2 

=19.8 x 107 kg 

Heat generated, 


H- Цан 


22. (а) 


24. 


@) 


Physics 
After cutting equal length of heater coil 
will become half. 

А8Ко( 


[4 
Resistance of halfthe coil — 2 


2. As R reduces to half, ‘H’ will be doubled. 
5000 p 


E 
Applying Kirchhoff's law for loop 


BCDFAEBC 
12—2=(500)i 
йг. Ж E 

50 50 


For loop BCDEB i= —À. 
500+ 


=> 500+R=600 
—R 


1000. 


Let E be the emfof each source of current 
2E 

R+R +R 

Potential difference across cell having 

internal resistance R, 

V=E-iR,=0 

2E 

Bo Re Ry R3 

=> R-RQeR;-2R,-0 

= КУК -К=0 

—R- R;-R, 


Current in the circuit /— 


Current Electricity 
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(а) From Faraday's first law of electrolysis, 


mass deposited 


т-24 
Z 4 
sagels un ын © 
4 2 а 
Also d 7 di * d» „@ 
Син 
Ф 
(Dividing (ii) byg,) 
TER: 
БЭЭР 
14 
9 


From equation (i) and. 


Initial balancing length, £, —240 cm New 

balancing length, (= 120 cm. 

The internal resistance ofthe cell, 
240-120 

= х 


R=———x2= 
120 p 


Power, P=} 


2. Resistance of tungsten filament when in 
use 


200 x 200 
T 100 
Resistance when not in use i.e., cold 
resistance 


Вы = -4000 


400 
-22 400 
Ком = 0 


Current is given by 
_E 


Rer! 
Ifinternal resistance (7) is zero, 


E 
I= = = constant. 


Thus, cnergy source will supply a constant 
current if its internal resistance is zero. 


20. 4) Ё ноте Kirchhoffs first law is based on 


conservation of charge and Kirchhoff's 
second law is based on conservation of 
energy. 


(d) Letd,andd, are the diameter of wire 4 and 


B respectively. 
Let p, and p, be the resistivity of wire A 
and B. We have given 
Pa = 2р4 
d,=2d, 
If both resistances are equal 
Ry= Ry 
й £ 

PBB Рабл 

4p Ад 


Са Pp di 2P4 dj 


(d) At cold junction, current flows from 


Antimony to Bismuth because current 
flows from metal occurring later in the series 
to metal occurring earlier in the 
thermoelectric series. In thermoelectric 
series, Bismuth comes earlier than 
Antimony soat cold junction, current. Flow 
from Antimony to Bismuth. 


(b) The network of resistors is a balanced 


wheatstone bridge. Hence, no current will 
flow through centre ‘resistor. The 
equivalent circuit is 


100 200 
300 
100 
307, 100 
EJ 7 
100. 
z 
SV 
15x30 
„скен 
9 15+30 
y 5 
=—=—=05A 
R 10 
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эз. 0 
м. 0 
35. (©) 
36. (a) 
эт. @ 


Let resistance of bulb filament be R, at 0°C 
using R= R, (1+ о Af) we have 
R,=R, [1 a 100] = 100 


R,=R,[1 +a хТ]=200 

On dividing we get 

200_1+aT _ „__1+0005Т 
100 1+100a ^ 1+100х0005 

= T = 400°C 

Ё ноте We may use this expression as 


an approximation because the difference 
in the answers is appreciable. For accurate 
results one should use R = Re^" 


From balanced wheat stone bridge 5 = z 
where 5 = 12 
ETA 
The resistance ofthe electric bulb is 
y? _ (220° 
Шин 


The power consumed when operated at 
110Vis 


y2 


ao? — 100. 


— 25w 
(2208 100 4 


=P= 


Energy in capacitor = тс? 

Work done by battery = OV 

-ge 

where C — Capacitance of capacitor 
Potential difference, 

e= emf of battery 


lo 
Required ratio = 2—7- 
a œ 2 
Resistance of a metal conductor at 
temperature °C is given by 
R2 Ry * ad), 
Rj is the resistance of the wire at 0°C 
and a is the temperature coefficient of 
resistance. 


38. 


39. 


b) 


@) 


Resistance at 50°С, Rs, = Ry (1 +500) 
oi) 

Resistance at 100°C, R jg) — R, (1 + 1000) 
(ii) 


From (i), Ra, у= 500R, 
From (ii), Ао Ry = 10008, 
Dividing (iii) by (iv), we get 


Here, Roy = 5Q.and Rio = 6Q 
5-Ro 
`6-һ 8 
or6- R,-10-2R, or, R,-4Q. 
Given, 
Balance point from one end, /, = 20 em 


From the condition for balance of metre 
bridge, we have 


Let j be the current density. 


Then jx2m]- I 5 j= 
2nr^ 


pl 
7 2na 2r (a+b) 


On applying superposition as mentioned 
we get 


7 Pipl 
Айс =2* MV gc =F P 
pl 


As shown in Answer (a) E = 


Applying Kirchoff's second law in AB 
P,P A, we get 

-2i+5-10 i, =0 

2i+ 1055 a (i) 


Current Electricity 
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Again applying Kirchoff's second law in 


P, CDP,P, we get, 
10i +2 1+1=0 


2-2i,=4 2ай) 
From (i) and (ii) 
3241 


1 
cit A from P, to P, 


Initial energy of capacitor, £j — 2L 


2С 
Final energy of capacitor, 


1 
~. f, = timefor the charge to reduce to == 
: 5 2 


of its initial value 


1 
and r,- tme for the charge to reduceto z 


of its initial value 
The charge as a function of time is 
= qe ® 


0 


Let R, and R, be the resistances of two 


conductors, then 
59112771) 
Ry = R [1+azA1] 


44. 


45. 


Р-139 


Неге, R, is the resistance of conductor ас 


oc 
In Series, R= Ry + Ry 
= ко[2 + (9 apa] 


-an Шинэ 
2 


ER 
9а 2—5 


In Parallel, 


1 1 
= Rolls A)” Riitaa] 


1 
=> 


lagg 


1 1 
SRAN азл) 
2(1- a Ar) = (1 аА) aa Ad) 


At) 


2 


[E 
gu mtus 
I 2 


(8) Resistance of wire 


pl p 
A 


2 
E à 
Hence, R= p — = constant x 2 


2. Fractional change in resistance 


w dt/t- 0.196 
0. 


2. Ф changein R= EI =0.2% 


1 
100 


2. Resistance will increase by 0.2%. 


(а) 
R R R R 
Tolerance for one resistance, 
R=100+5 
= 4R=400+20 


Thus, tolerance of combination is also 5%, 


Р-140 
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46. (c) Potential gradient 


47. 


100 Ay 
220 Р 
The current flowing through the circuit 
B, B, 
R, ж 
440V 
Resistance of 25 W bulb, 
2 (0X 
py = 020). 
PB o 025 5 


Resistance of 100 W bulb 


Rar ж R, ч R, 


(220)? 
100 
40 
; gll Am 
ҮТ 15 220 4" 
m 
100. 


40 100 | 
a= h| 2——A 
а) aly at 200 


Thus the bulb rated 25 W—220 will fuse. 


51. 


Physics 


b) 


120V 
Power of bulb = 60 W (given) 


120x120 _ 5490 


[r= 


Power of heater = 240W (given) 
120x120 _ 


Resistance of bulb = 


] 


602 


Resistance of heater = 


Voltage across bulb before heater is 
switched on, 


2 
M 2 dg 117.73 volt 
246 


Voltage across bulb after heater is 
switched on, 


35 oro =106.66 volt 
54 


Hence decrease in voltage 

V, - V7 117.073 — 106.66 = 10.04 Volt 

(approximately) 

Total power consumed by electrical 

appliances in the building, P,„„ = 2500W 
Watt = Volt x ampere 

=> 2500= Их Г 2500-2201 


2500 


> 1 =11.36 = 12А 


220 
(Minimum capacity of main fuse) 


" ( 
V =IR= edv) 


p= 


эйе 


Here V = potential difference 
1= length of wire 


п = no. of electrons per unit volume of 
conductor. 
е = no. of electrons 


Current Electricity 
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Placing the value of above parameters we get 


resistivity 
je 8 
8х102®х1.6х10°!° x2,5x10 * x0.1 
= 1.6 х 100m 
52. (a) From KVL 


—6+31,+1(,-1)=0 


p 20 b 


зо 


6-31, *1,-1: 44- 

-9*2L-(,-1) *3,-0 
1+6=9 (2) 

Оп solving (1) and (2) 

1, = 0.134, 

Direction Q to P, since I, > I} 


So А Е 
T . 
Metal (for limited “Semiconductor 
range of temperature) p= p, c" 
54. (d) There isnochangein null point, ifthe cell 


and the galvanometer are exchanged in a 
balanced wheatstone bridge. 


On balancing condition А. = 82 
A Ry 


57. 


After exchange 


On balanci diti. ЕЕЗ 
n balancing condition ROR 


2 Thepotential difference їп each loop is zero. 


No current will flow or current in each 
resistance is Zero. 


Using Kirchhoff's law at P we get 


2 VoD: N-0 
Tw 


Let potential at P,Q, U= OandatR=V 


э. ЭР. ИИ ДИЕ 12 
maig 


7462 32 
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R, R,-1000-R, 


| 8 | 


0) 100-7 
On balancing condition 
R;(100-/)=(1000-R,) ..(i) 
On Interchanging resistance balance point 
shifts left by 10 cm 


R,-1000 - К, R, 


(-10) (100-7 + 10) 
-(10- 1) 

On balancing condition 

(1000 - R)) (110—/) - R, (1-10) 
or, R, (7—10)= (1000 -R,) (110—/) 


wii) 
Dividing eqn (i) by (ii) 

100-11 

1-10 110-7 


=> (100-/(110—7)- /(—10) 
= 11000-100/-110/-2-2-10/ 


= 11000-2007 

or, /=55 

Putting the value of P in eqn (i) 
R, (100 ~ 55) =(1000—R,) 55 

=> R, (45)=(1000—R,) 55 

= R,(9)=(1000-R,) 11 

= 20R, =11000 


Physics 


Let voltage at C = x volt 
From kirchhoff’s current law, 
KCL:i, +i, 


(b) Using colour code we have 
R-27* 10 Q410% 


-271kQ 10% 
р 
61. (c) Resistance, Rae 
L 
P> Le Volume(V)-A(] 
Since resistivity and volume remains 
constant therefore % change in resistance 
2 
AR 2M 4 (0.5) =1% 
R t 
62. (a) Using, /= пел, 


I 
Drift speed у= — 


= 0.02» 102 ms! 
=0.02 mms"! 
63. (b) Here Ry, = Ran = Rye = R/4 
and Ry, = Кү =R/8 
Now Rey Rpa, Ran, Rycare in series. 


R R R R_R+2R+2R+2R_IR 
a eV UA EEEE A Е 
8.444 8 8 


7 R/8 
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Moving Charges 
and Magnetism 


(18) 


Ifa current is passed through a spring then the 


spring will 12002] 
(a) expand (b) compress 
(c) remains same (d) noue of these 


If in a circular coil 4 of radius Ё, current / is 
flowing and in another coil 2 of radius 2R a 
current 2/ is flowing, then the ratio of the 
magnetic fields B, and B, produced by them 


will be [2002] 
(a) 1 (b 2 
(c) 1/2 (d) 4 


If an electron and a proton having same 
momenta enter perpendicular to a magnetic 
field, then 12002] 
(a) curved path ofelectron and proton will be 
same (ignoring the sense of revolution) 
(b) they will move undeflected 
(c) curved path ofelectron is more curved than 
that of the proton 
(d) path of proton is more curved. 
Wires 1 and 2 carrying currents i, and i, 
respectively are inclined at an angle Ө to each 
other, What is the force on a small element d! 
of wire 2 at a distance of r from wire 1 (as 
shown in figure) due to the magnetic field of 
wire 1? 12002] 


Ho 
2лғ 


(a) эь dltan® (b) ii dl sin 
ar 


А "m 
(c) Aha feos (4) Aia аео 


32 


The time period of а charged particle 
undergoing a circular motion in a uniform 


magnetic field is independent of its [2002] 
(a) speed (b) mass 
(c) charge (d) magnetic induction 


A particle of mass Mand charge О moving with 
velocity describe a circular path of radius R 
when subjected to a uniform transverse 
magnetic field of induction В. The work done 
by the field when the particle completes one 
full circle is 120031 


2 
(а) (2 ре (b) zero 


(c) BO2nR (d) BQv2nR 
An ammeter reads upto 1 ampere. Its internal 
resistance is 0.81ohm. To increase the range 
to 10 the value of the required shunt is 
[2003] 
(a) 0.030 (b) 0.30 
(с) 0.90 (d) 0.099 
A particle of charge -16 х 10-5 coulomb 
moving with velocity 10157! along the x-axis 
enters a region where a magnetic field of 
induction В isalong the y-axis, and an electric 
field of magnitude 10* V/m is along the negative 
z-axis. If the charged particle continues moving 
along the x-axis, the magnitude of B is [2003] 
(а) 100Wb/m? (b) 10°Wb/m? 
(c) 10'Wb/m? (d) 102Wb/m? 
A current i ampere flows along an infinitely 
long straight thin walled tube, then the magnetic 
induction at any point inside the tube is[2004] 


но 
8) an 


tesla (b) zero 


* 


2i 
(c) infinite (d) “tesla 


P-144 
10. 


13. 


14. 


WWW.JEEBOOKS.IN 


A long wire carries a steady current. It is bent 
into a circle of one turn and the magnetic field 
at the centre of the coil is B. It is then bent into 
a circular loop of n turns. The magnetic field at 


the centre of the coil will be [2004] 
(a) 2nB (b тв 
(с) nB (4) 2-2 8 


The magnetic field due to a current carrying 
circular loop of radius 3 cm at a point on the 
axis at a distance of 4 cm from the centre is 54 
ИТ. What will be its value at the centre of оор? 
12004] 
(a) 125нТ (b) 150 pT 
(с) 250 pT (d) 75 pT 
Two long conductors, separated bya distance d 
carry current /, and J, in the same direction. 
They exert а force F on each other. Now the 
current in one of them is increased to two times 
and its direction is reversed. The distance is 
also increased to 3d. The new value of the force 


between them 18 12004] 
(a) E От 
АЛЖ! 9 3 
А F 
(с) 2F 0-3 


Two concentric coils each of radius equal to 
2л cm are placed at right angles to each other. 
3 ampere and 4 ampere are the currents flow- 
ing in each coil respectively. The magnetic in- 
duction in Weber/n at the centre of the coils 


will be (ц, = 4x х 107 Wb/A.m) 12005] 
(a) 105 (b) 12 105 
(с) 7» 105 (d) 5 105 


A charged particle of mass т and charge q 
travels on a circular path of radius г that is 
perpendicular to a magnetic field В. The time 
taken by the particle to complete one revolution 


is 12005] 
2nq* 2: 
ау 2928 ь 2584 
т В 
2nm 2ngB 
є = @ = 
qB m 


Two thin, long, parallel wires, separated by a 

distance ‘d’ carry a current of *?^ А in the same 

direction. They will [2005] 

(а) repel each other with a force of i 2/9) 

(b) attract each other with a force of д?/ 
(22d) 


16. 


18. 


20. 


Physics 


(c) repel each other with a force of nj/ 
Ond) 

(d) attract each other with a force of n? 
Ола) 

Auniform electric field and a uniform magnetic 

field are acting along the same direction in a 

certain region. If'an electron is projected along 

the direction of the fields with a certain 

velocity then [2005] 

(a) its velocity will increase 

(b) Its velocity will decrease. 

(c) it will turn towards left of direction of 
motion 

(d) it will turn towards right of direction of 
motion 

A moving сой galvanometer has 150 equal 

divisions, Its current sensitivity is 10-divisions 

per milliampere and voltage sensitivity is 2 

divisions per millivolt. In order that each division 

reads 1 volt, the resistance in ohms needed to be 

connected in series with the coil will be -[2005] 

(a) 105 (b) 10° 

(c) 9995 (d) 99995 

In a region, steady and uniform electric and 

magnetic fields are present. These two fields 

are parallel to each other. A charged particle is 

released from rest in this region. The path of 


the particle will be a [2006] 
(a) helix (b) straight line 
(c) ellipse (d) circle 


A long solenoid has 200 turns per cm and carries 
a current i. The magnetic field at its centre is 
6.28 х 10? Weber/m?, Another long solenoid 


has 100 turns per cm and it carries a current 


i . The value of the magnetic field at its centre 
8 12006] 
102 Weber/m? 
10-5 Weber/m? 
103 Weber/m? 
(d) 1.05 x 10+ Weber/m? 
A long straight wire of radius a carries a steady 
current i. The current is uniformly distributed 
across its cross section. The ratio of the 


x 
(b) 1.05 х 
5х 


magnetic field at a/2 and 2a is [2007] 
(a) 1/2 (b) 1/4 
(c) 4 @ 1 


Moving Charges and Magnetisi 
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А current / flows along the length of an 
infinitely long, straight, thin walled pipe. Then 
12007] 

(a) the magnetic field at all points inside the 
pipe is the same, but not zero 

(b) the magnetic field is zero only on the axis 
of the pipe 

(c) the magnetic field is different at different 
points inside the pipe 

(d) the magnetic field at any point inside the 
pipe is zero 

A charged particle with charge q enters a region 

of constant, uniform and mutually orthogonal 

fields Ё and B with a velocity 8 

perpendicular to both Ё and й „апі comes out 

without any change in magnitude or direction 

of v. Then [2007] 

(à у=ВхЕ/Е? (b у=ЕхВ/В” 

(с) у=ВхЕ/В? (d у=ЕхВ/Е? 

A charged particle moves through a magnetic 

field perpendicular to its direction. Then 

12007] 

(a) kinetic energy changes but the momentum 
is constant 

(b) the momentum changes but the kinetic 
energy is constant 

(c) both momentum and kinetic energy of the 
particle are not constant 

(d) both momentum and kinetic energy ofthe 
particle are constant 

Two identical conducting wires AOB and COD 

are placed at right angles to each other. The wire 

АОВ carries an electric current /, and COD 

carries a current /,. The magnetic field on a 

point lying at a distance d from O, in a direction 

perpendicular to the plane of the wires АОВ 

and COD, will be given by 12007] 


Mo (pap? 
(а) о th) 


1 

(b) jae ү 
2л\ d 

1 


(с) shi? +h)? 


Ho 
heh 
(d) 55201573) 


25. A horizontal overhead powerline is at height of 
4m from the ground and carries a current of 
100A from east to west. The magnetic field 
directly below it on the ground is (p = 4л х 
107 Tm A) 12008] 
(а) 2.5 х 107 T southward 
(b) 5* 105 T northward 
(с) 5 105 T southward 
(d) 2.5* 107 T northward 

Directions : Question numbers 26 and 27 are 

based on the following paragraph. 

A current loop ABCD is held fixed on the plane of 

the paper as shown in the figure. The arcs BC (radius 

= b) and DA (radius = a) of the loop are joined by 
two straight wires АВ and CD. A steady current / is 
flowing in the loop. Angle made by АВ and CD at the 
origin Qis 30°, Another straight thin wire with steady 
current /, flowing out of the plane of the paper is 
kept at the origin, [2009] 


hg. 


26. Тһе magnitude of the magnetic field (В) due to 
the loop ABCD at the origin (O) is : 

ul (ba) 

(D 772дар 


ы al 

(b) al ab 

(с) Be poa) n/a yl 
4n 


(d) zero 
27. Due to the presence of the current 7, at the 
origin: 
(a) The forces on AD and BC are zero. 
(b) Themagnitude of the net force on the loop 


М 
is given by —н„[2(БВ-а)+т/3(а+Ь]. 


(c) Themagnitude ofthe net force on the loop 
1 
is given by а-а), 
(d) The forces on AB and DC are zero. 
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Two long parallel wires are at a distance 2d 
apart. They carry steady equal currents flowing 
out of the plane of the paper as shown. The 
variation of the magnetic field B along the line 
"is given by 12010] 


A current / flows in an infinitely long wire with 
cross section in the form of a semi-circular 
ring of radius R. The magnitude of the magnetic 
induction along its axis is: 12011] 
Hol Hol 
2л ©) лв 
Hol Hol 
4nR TR 
An electric charge + moves with velocity 


(a) 


(c) (d) 


3ї+4]+Ё in an electromagnetic field 
given by E-3i«j«2k and B=i+}-3k 
The y-component of the force experienced by 


tq is: [2011 RS] 
(a) 114 (b) 54 
(с) 34 (4) 24 


31. 


32. 


33. 


34. 


Physics 


A thin circular disc of radius R is uniformly 
charged with density с 0 per unit area. The 
disc rotates about its axis with a uniform 
angular speed «The magnetic moment of the 
disc is [2011 RS] 


(a) лК со. (b —-oo 


@ XE (d) 2л8 со, 


Proton, deuteron and alpha particle of same 
kinetic energy are moving in circular 
trajectories in a constant magnetic field. The 
radii of proton, deuteron and alpha particle are 
respectively л, ry and r,. Which one of the 
following relation is correct? [2012] 
(а) norm rg 
() nn, 


а 

This questions has Statement I and Statement 

Il. Of the four choices given after the 

Statements, choose the one that best describes 

into two Statements. 

Statement-I : Higher the range, greater is the 

resistance of ammeter. 

Statement-II : To increase the range of 

ammeter, additional shunt needs to be used 

across it. [2013] 

(a) Statement-I is true, Statement-II is true, 
Statement-II is the correct explanation of 
Statement-I. 

(b) Statement-I is true, Statement-II is true, 
Statement-ll is not the correct explanation 
of Statement-I. 

(c) Statement-I is true, Statement-II is false. 

(d) Statement-I is false, Statement-II is true. 

A circular loop of radius 0.3 cm lies parallel to 

a much bigger circular loop of radius 20 cm. 

The centre of the small loop is on the axis of 

the bigger loop. The distance between their 

centres is 15 cm. If a current of 2.0 A flows 
through the smaller loop, then the flux linked 

with bigger loop is 12013] 

(a) 9.1 x 10-!! weber 

(b) 6x 107! weber 

(c) 3.3 x 10-!! weber 

(d) 6.6 x 10-? weber 
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35. A conductor lies along the z-axis at 1.5 < z< 
1.5 m and carries a fixed current of 10.0 A in 
а. direction (see figure). For a field 


B-30x10 е 027 å, T, find the power 


required to move the conductor at constant $ T 
speed to x = 20 m, y = 0 m in 5 х 10° s. If there is a uniform magnetic field of 0.3 T in 
Assume parallel motion along the um the positive z direction, in which orientations 
12014] the loop would be in (i) stable equilibrium and 
(ii) unstable equilibrium? 
(a) (B) and (D), respectively 
(b) (В) and (С), respectively 
(c) (A) and (B), respectively 
(d) (A) and (C), respectively 
37. Two coaxial solenoids of different radius carry 
current I in the same direction. Ё be the 
magnetic force on the inner solenoid due to 
the outer one and Æ, be the magnetic force on 


the outer solenoid due to the inner опе. Then : 
[2015] 


(D) 


(a) Pj isradially inwards and А 


(a) 157 W (b) 297 W d n 5 
(с) 1485 W (8) 297% (b) А is radially outwards and £j =0 
36. A rectangular loop of sides 10 cm and 5 em (б) де ђ =0 
carryinga current Lof 12 A is placed fi rorem (d) А is radially inwards and № is radially 
orientations as shown in the figures below : уна 3 
р 12015] 38, Twoidentical wires A and B, each of length 7, 
5 carry the same current 1. Wire A is bent into a 
в] H circle of radius R and wire B is bent to form a 
98. square of side ‘a’. If B, and By are the values 
(A) p , of magnetic field at the centres of the circle 
I i B 
x and square respectively, then the ratio 2 is: 
2 B 
^ 12016] 
y @ = » = 
a) = Eua 
(B) nii " 16 0 эЛ 
2A C ý 2 E 
f E 
x (c) 8 (4) 1642 
A 39. Agalvanometer having a coil resistance of 100 
i of Q gives a full scale deflection, when a сштесі 
of | mA is passed through it. The value of the 
@ Nu , resistance, which can convert this galvanometer 
4 into ammeter giving a full scale deflection for 
x I a current of 10 A, is : 12016] 
(a) 010 (b) зо 


(c) 0.010 (d) 20 
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40. When a current of 5 mA is passed through a (а) L0x107T (b) L5x107T 
galvanometer having a coil of resistance 1503, (с) L8x105T — (d) 10 I05T 


4l. 


42. 


43. 


it shows full scale deflection. The value of the 
resistance to be put in series with the 
galvanometer to convert it into to voltmeter of 
range 0 — 10 Vis [2017] 
(a) 2.535 x 10°Q (b) 4.005 х 10 Q 

(c) 1.985 x 10°Q (d) 2.045 x 19 Q 

An electron, a proton and an alpha particle 
having the same kinetic energy are moving in 
circular orbits of radii r., г, r, respectively in 
a uniform magnetic field В. The relation 
between r,, г 7,8: [2018] 
(а) rr, (b) rer = ry 

(c) „© (d) тт 
The dipole moment of a circular loop carrying 
а current I, is m and the magnetic field at the 
centre of the loop is Ву. When the dipole 
moment is doubled by keeping the current 
constant, the magnetic field at the centre of the 


a 


loop is В,. The ratio a is: [2018] 
(a) 2 (b) 45 

1 
(с) 42 (9 17 


A current loop, having two circular arcs joined 
by two radial lines is shown in the figure. It 
carries a current of 10 A. The magnetic field 


at point O will be close to: 12019] 


SN 


44. 


46. 


A rectangular coil (Dimension 5 cm * 2.5 cm) 
with 100 turns, carrying a current of 3 A in the 
clock-wise direction, is kept centered at the 
origin and in the X-Z plane. A magnetic field 
of 1 T is applied along X-axis. If the сой is 
tilted through 45? about Z-axis, then the torque 
12019] 


on the coil is: 
(a) 0.38 Nm 


(b) 0.55 Nm 
(d) 0.27 Nm 

A rigid square of loop of side ‘a’ and carrying 
current L, is lying on a horizontal surface near 
a long current I, carrying wire in the same plane 
as shown in figure. The net force on the loop 
due to the wire will be: 12019] 


< 
4 tf 
a > 
(а) Repulsive and equal to мн 
(b) Attractive and equal to E 
(c) Repulsive and equal to nh 


(d) Zero 
A moving сой galvanometer has resistance 50 
Q and it indicates full deflection at 4 mA 
current. A voltmeter is made using this 
galvanometer and a 5 К Q resistance. The 
maximum voltage, that can be measured using 
this voltmeter, will be close to: 12019] 
(a) 40 V (b) 15V 

(c) 20V (d) 10V 
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Answer Key 


г-149 


8 


(b) 


(a) | (а) | (с) (b) | (d) 


(a) 
16 | 17 | 18 | 19 | 20 [21 | 22 | 23 | 24 [25 | 26 | 27 [ 28 | 29 | 


| 
(b) | (b) | (c) e) (4) E 


Loo 
2 (а) 
3 (a) 
4 (© 


Solutions 


When current is passed through a spring 
then current flows parallel in the adjacent 
turns in the same direction. As a result the 
various turn attract each other and spring 


Magnetic field induction at the centre of 
current carrying circular coil of radius ris 


wl 
=H „2л 


ZIR 

When a moving charged particle is 
subjected toa perpendicular magnetic field, 
then it describes a circular path of radius. 


r2 

qB 
where q = Charge of the particle 
Momentum of the particle 

B Magnetic field 

Here p, q and B are constant for electron 
and proton, therefore the radius will be same. 
Magnetic field due to current in wire | at 
point P distant r from the wire is 


Thismagnetic field is directed perpendicular 
to the plane of paper, inwards. 

The force exerted due to this magnetic field 
on current element i, dl is 


ae за?) 


T 
iy dl cos 0 


ба) The time period of a charged particle of 


charge q and mass n moving in a magnetic 


2nm 


field (B) is T = 


Clearly time period is independent of speed 
of the particle. 

The workdone, dW = Fds cos 

The angle between force and displacement 
590°. Therefore work done is zero. 


b) 


15081 боо 
10-1 


Force due to electric field 
F, = Force due to magnetic field 
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As particle is moving undeflected in the 
presence of both electric field as well as 
magnetic field. 

Therefore Fy 
= qvB=qE 


E 10 


= 10% weber/m? 


From Ampere's circuital law 


[B-di= ni 

= Bx 2ar= ц 

Here i is zero, for r « R, whereas R is the 
radius 

^ B=0 

Magentic field at the centre of a circular 
coil of radius R carrying current i is 


The circumference ofthe first loop = 2xR. 
Ifit is bent into n circular сой of radius г. 
nx Qnr)-2nR 

Snr =R 40) 


New magnetic field, B' = кун 


From (1) and(2), 


258 
The magnetic field at a point on the axis ofa 
circular loop ata distance x from centre is, 


Hoi a? 
i= түр 
2(x? +a)? 

Magnetic field at the centre of loop is 


pte 


LEGET ad 
E 
Putx=4 &a=3 


“B= 


P 
> gr 36) -25097 
3х3х3 
Force acting between two long conductor 


carrying current, 
xe NUI 
Where d - distance between the 


conductors 
£ = length of conductor 


In second case, F'= 


From equation (i) and (ii), we have 
„ШР: 
€ 3 

@) 


The magnetic field due to circular coil (1) is 
E 
ШЕ: 

ной 

2(2лтх107) 


_ вох3х102 


4n 
Magnetic field due to coil (2) 
Total magnetic field 


| вух4х102 
BEEF" 


Total magnetic field, В = yB? + В? 


NT 
4 


т 
=> B=107*5 x 107 

=> B=5* 105 Whim? 

Equating magnetic force to centripetal 
force, 


МУ L qvB sin 90° 
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Moving Charges and Magnetisi Р-151 
n 
TEE bd 
| јр р 
Time to complete one revolution, ( 2 1, е : 
ы rim. im ла? 
where / is total current 
Using Ampere circuital law, 
1722 = Hoi 
зэв, -Porong enclosed 


20. 


F uoi dg 
t 2nd 2nd 


(attractive as currentis in the same direction) 


b 
© 


b 


@ 


Due to electric field, it experiences force 
and accelerates i.e. its velocity decreases. 
Resistance of Galvanometer, 


Current sensitivity 10 
eI eye ШШЕ 


~ Voltage sensitivity 
Here i, = Full scale deflection current = 


150 


15mA 
10 


V — voltage to be measured — 150 volts 
(such that each division reads 1 volt) 


R- 180500950 


15х10 
The charged particle will move along the 
lines of electric field (and magnetic field). 
Magnetic field will exert no force. The force 
by clectric ficld will be along the lines of 
uniform electric field. Hence the particle will 
move in a straight line. 
Magnetic field due to long solenoid is given 
by B= uy 
In first case В, = inl, 
In second case, By = nul, 


By _ роті 
1B, pomi 


=1.05 «10 Wb/m? 


Since uniform current is flowing through a 
straight wirc, current enclosed in the 
amperean path formed at a distance 


21. (d) 
22. 0) 
23. 0) 


Path 


Now, magnetic field induction at point Р,, 
Ho Z Hol. 

2m (24) 4ma' 

В, _ Holi Ала 


В, 2m? pol 


There is no current inside the pipe. From 
Ampere's circuital law ф 8-4 = uo 
vI-0 

2 В=0 

As velocity is not changing, charge particle. 
must go undeflected, then 


When a charged particle enters a magnetic 
field at a direction perpendicular to the 
direction of motion, the path of the motion 
is circular. In circular motion the direction 
of velocity changes at every point (the 
magnitude remains constant). 


WWW.JEEBOOKS.IN 


Р-152 Physics 
Therefore, the tangential momentum will Current flows from east to west. Point is 
change at every point. But kinetic energy below the power line, using right hand 

en thumb rule, the magnetic field is directed 
will remain constant as itis given by = j^ towards south. 
ii -2 26. (а) The magnetic field at O due to current in 
and v? is the square of the magnitude of ГАВ 
velocity which does not change. Sod oe 

24. (c) The direction of magnetic field induction B= {oo x= (directed vertically 
due to current through АВ and CD at Pare рну, 
indicated as В, and B,. The magnetic fields The magnetic field at O due to current in 
ata point P, equidistant from АОВ and COD BCis 
will have directions perpendicular to each ued ж 4 А 
other, as they аге placed normal (о each n= 0576 (directed vertically 
other. downwards) 

The magnetic field due to current АВ and 
CD at O is zero. 
Therefore the net magnetic field is 
B-B, В, (directed vertically upwards) 
МШЕ HoT z 
4лаб mb 6 
1 1 
Я (4-4) =o! b-a) 
2 A 24\a b) 24ab 
Magnetic field at P due to current through АВ, 27. (4 Ё= (7х В) 
ma The force on AD and BC due to current 7, 
Bd is zero. This is because the directions of 
Magnetic field at P due to current through CD, current element / Z? and magnetic field B 
are parallel. 
28. (a) Themagnetic field varies inversely with the 
distance for a long conductor. That is, 
Bot 
d 
so, graph in option (a) is the correct one. 
29. (d) Let Rbe the radius of semicircular ring. Let 


25. 


or, в= ЖОП? +28)" 


(©) The magnetic field is 


Bur 1g? 2X10 ger 
4n r 4 
Y N 
100A 
dm 
5 Е 
аким 


B 


an elementary length dl is cut for finding 
magnetic field. So, dl = Rd®. Current in a 


19 
small element, d] = = Р 


Magnetic field due to the element 
dp-Ho2dl _ ug 

4л R 2л? 
The component dB сов 0, of the field is 
cancelled by another opposite component. 
Therefore, 


Moving Charges and Magnetisi 


Bro = J авзпө= э. 


30. (а) The charge experiences both electric and 
magnetic force. 

Electric force, qE 

Magnetic force, Р, = q(¥ x B) 


2. Net force, F=q[E+vx8] 


i j 
=q| 3Ї+]+2Ё+3 4 1 
1 


-7(-9-1)-4(3-4)| 
- 4[зї+)+2Ё-1зї+10)-Ё] 
= 4[-10+17+4] 


Е,=114] 
Thus, the у component of the force. 
31. (c) Weknow that geomagnetic ratio, 
q _ Magnetic dipole moment 
2m Angular momentum 


R "E 
Moment of inertia of disc = —— 


Angular momentum, 


2 


m 


Де 


Net charge on disc = с(лї?) 


2. Magnetic dipole moment (M) 37. 


2 
3 ZU. xm 
г 


Ы. арб 
4 


32. (b) The centripetal force is provided by ће 
magnetic force 


-1:42:1 


Thus we have, r, — 7, < rg 
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33. 


34. 


a 4 36. 


38. 


P-153 


(d) Statements I is false and Statement II is true 
For ammeter, shunt resistance, $ =C 
1-14 
Therefore for / to increase, 5 should 
decrease, So additional S can be connected 
across it. 
(а) Aswe know, Magnetic flux, à = B.A 


uo (2(20 x 102)? 


21002)? + (0.15)*] 
On solving 
=9.216 x 1071! =9.2 x 107! weber 
(b) Work done in moving the conductor is, 


к=, Fads = [23,0 1074702" лох зак 


x n(0.3x 102? 


2 92: 
-9x10? p 02а o 


1-3ш 
_ 9x10 e 92? +1] 1=10А ; 
02 „1 
9x10? -04 : 
2T —Xx-e 
ol | 
.9x10?x(033) _ 297«10? 


2 2 
Power required to move the conductor is, 


ms 
E 
297x102 


(0.2)5« 5x 10 
(a) For stable equilibrium M || B 


297W 


For unstable equilibrium M || -B) 
() E-E,-0 
because of action and reaction pair 


(b) Case (a) : С) 


cio luogo lore R= 
4лЁ 4n (/2л 
D 
MILIUM 
= 50101) 
Case (b) : 
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39. (c) 
40. (c) 
4. (b) 
2 © 


1 
cg Mes. ааш улаадай 
By 4 дату sin 45° + sin 45°] 


> By WD 


Ig G=(1~Ig)s 
1. 10 x 100 = (10 — 10°) х S 
. 840010 
Given : Current through the galvanometer, 
=5x 10° 
Galvanometer resistance, G= 150 
Let resistance R to be put in series with 
the galvanometer to convert it into a 
voltmeter. 
/= i, (R+ G) 
10 x 103 (А + 15) 
R = 2000 — 15 = 1985 = 1.985 x 10° О 
As we know, radius of circular path in 
magnetic field 


NEM 


For electron, r - 375 i) 
Pm, 
For proton, ty = 
p Цин 
Fora Bes 
2K4m, 
rr -rg S Com b 4 
Maghetic field at the centre of loop, 
s, dal 
2R 


Dipole moment of circular loop is m — IA 
m, - LA - LxR? {К = Radius ofthe loop} 
Ifmoment is doubled (keeping current con- 


stant) R becomes J2R 


m= 1л (к) 221882 -2m, 
Hol 
2(/28) 
Hol 
2R 
Hol 


В, = 


Physics 
43. (d) There will be no magnetic field at О due 
to wire 
PQand RS 
Magnetic field at *O' due 


10 
toarc ОЁ =ю 00) „л 
An(3x107) 4 


(Perpendicular outwards) 


i=10A 
Magnetic field at *O' due to arc PS 
(10) 7. (perpendicular inwards) 
нь 7— — 7 * = (Perpendicular inwards} 
(510?) 4 с 


^. Net magnetic field at ‘O° 


E B= Fx10°7 151057 


(Perpendicular outwards) 
44. (d) t=mBsin 45°=N (iA) Bsin 45° 
z 


m-Nix 


1 
-100х3(5х2.5)х1075 xem =0.27Nm 


45. () Р= А-5 H(i. ас 
2т\ a 


=! Е Ч. (Repulsive) 


46. (© V=i,(G+R)=4 * 10% 
(50+ 5000)=20V 
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Magnetism and 


Matter 


(19) 


A thin rectangular magnet suspended freely has 
a period of oscillation equal to 7. Now it is broken 
into two equal halves (cach having half of the 
orginal length) and one piece 1s made to 
oscillate freely in the same field. If its period of 


" 
oscillation is 7". the ratio — is 12003] 


1 1 1 

са д m 2 =й 

(a) 27 (b) A () 2 (9 2 
А magnetic needle lying parallel to a magnetic 
field requiers W units of work to turn it through 


60° . The torque needed to maintain the needle 


in this position will be. 12003] 
@ Bw O w 
© By @ 2w 
The magnetic lines of force inside a bar magnet 
12003] 
(a) are from north-pole to south-pole of the 
magnet 


(b) donot exist 

(c) depend upon the area of cross-section of 
the bar magnet 

(d) are from south-pole to north-pole of the 
Magnet 

Curie temperature is the temperature above 

which 12003] 

(a) a ferromagnetic material becomes 
paramagnetic 

(b) a paramagnetic 
diamagnetic 

(c) a ferromagnetic material becomes 
diamagnetic 


material becomes 


(d) a paramagnetic material becomes 
ferromagnetic 
The length ofa magnet is large compared to its 
width and breadth. The time period of its 
oscillation in a vibration magnetometer is 2s. The 
magnet is cut along its length into three equal 
parts and these parts are then placed on each 
other with their like poles together. The time 
period of this combination willbe [2004] 


(a) 


© 25 9 з 


The materials suitable for making electromagnets 
should have 12004] 
(a) high retentivity and low coercivity 

(b) lowretentivity and low coercivity 

(c) high retentivity and high coercivity 

(d) lowretentivity and high coercivity 

A magnetic needle is kept in a non-uniform 
12005] 


magnetic field. Itexperiences 
(a) neither a force nor a torque 
(b) a torque but not a force 
(c) a force but not a torque 
(9) а force and a torque 
Needles N,, N, and N, are made of a 
ferromagnetic, a paramagnetic and a diamagnetic 
substance respectively. A magnet when brought 
close to them will [2006] 
(a) attract N, and №, strongly but repel N, 
(b) attract М, strongly, N, weakly and repel М, 
weakly 
(c) attract N, strongly, but repel N, and N, 
weakly 
(d) attractall three of them 


Р-156 


9. 
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Relative permittivity and permeability of a 
material c, and p, respectively. Which of the 
following values of these quantities are allowed 
fora diamagnetic material? [2008] 


L5.u, 
Twoshort bar magnets of length 1 cm each have 
magnetic moments 1.20 Am? and 1.00 Am? 
respectively. They are placed on a horizontal 
table parallel to each other with their N poles 
pointing towards the South. They have a 
common magnetic equator and are separated by 
a distance of 20.0 ст. The value of the resultant 
horizontal magnetic induction at the mid-point 
О of the line joining their centres is close to 
(Horizontal component of earth's magnetic 
induction is 3.6 х 10-5 Wb/m?) 12013] 
(a) 3.6x 105 Wb/m? 

(b) 2.56 x 10? Wb/n? 

(с) 3.50 x 10 * Wb/n? 

(d) 5.80х 104 Wb/m? 

The coercivity of a small magnet where the 
ferromagnet gets demagnetized is 3 х 105 Алт, 
The current required to be passed in a solenoid 
oflength 10 cm and number of turns 100, so that 
the magnet gets demagnetized when inside the 


solenoid, is: [2014] 
(a) 30mA (b) mA 
(c) ЗА (d) 6A 


Hysteresis loops for two magnetic materials A 


and B are given below : 12016] 
D B 
H H 
(A) (B) 


13, 


14. 


Physics 


These materials are used to make magnets for 

elecric generators, transformer core and 

electromagnet core. Then it is proper to use : 

(a) A for transformers and B for electric 
generators. 

(b) B for electromagnets and transformers. 

(c) 

(d) A for electromagnets and B for electric 
generators 

A bar magnet is demagnetized by inserthing it 

inside а solenoid of length 0.2 m, 100 turns, and 


A for electric generators and trasformers. 


carrying a current of 5.2 A. The coercivity of 


the bar magnet is: 12019] 
(a) 285A/m (b) 2600A/m 
(c) 520A/m (d) 1200A/m 


An infinitely long current carrying wire and a 
small current carrying loop are in the plane of 
the paper as shown. The redius of the loop isa 
and distance of its centre from the wire is 
d (d >> a). If the loop applies a force F on the 
12019] 


wire then: 


(4) 


(a) | (b) | (b) 


(b) | (b) | (c) | (b) | (b) | (d) 


Magnetism and Matter 


1. 
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cC Solutions 


25 


(b) The time period of a rectangular magnet 
oscillating in earth’s magnetic field is given 


by T=2n 
By 

where / = Moment of inertia of the 
rectangular magnet 

M= Magnetic moment 

В, = Horizontal component of the earth's 
magnctic field 

Initially, the time period of the magnet 


1 1,2 
T-2 -—Mf 
л дур Where 115 


Case2 
Magnet is cut into two identical pieces 
such that each piece has half the original 
length. 


Then 7' = 27, 
MBy 


Moment of inertia of each part 


1225 


r 


2 аур 
T VM I 


18 М _ | _1 
м I V4 2 
(а) Workdone to turn a magnetic needle from 
angle 0, to 0, is given by 
W = MB(cos®, — cos05) 


^. W = MB(cos0* — cos 60°) 


- м(1-3)= МВ 
2 


©. Torque, t= MB sin Ө= MB sin 60° 


нв = 


@ 


The magnetif field lines of bar magnet form 
closed lines. As shown in the figure, the 
magnetic lines of force are directed from 
south to north insidea bar magnet. Outside 
the bar magnet magnetic field lines directed 
from north to south pole. 


The temperature above which a 
ferromagnetic substance becomes 
paramagnetic is called Curie's temperature. 
Initially, time period of magnet 


25 Where 1-10 
ын 12 


When the magnet is cut into three pieces 
the pole strength will remain the same and 
Moment of inertia of each part, 


ШЕЛ f I 

=-—~[*)(=]x3== 

Ф БОД)» 9 
We have, Magnetic moment (M) 


ole strength (m) х £ 
New magnetic moment, 


M'=mx(4) x3=ml=M 
T 
м 


New time period, 7 = 27, 


WWW.JEEBOOKS.IN 


P-158 Physics 
6. (b Electromagnet should be amenable to 11. (c) Magnetic field in solenoid B= ру 
magnetisation & demagnetization. B 
Materials suitable for making —=ni 
electromagnets should have low retentivity Po . 
and low coercivity should be low. (Where n = number of turns per unit length) 
7. (d) A magnetic needle kept in non uniform Ni 5 100 
magnetic field experience a force and torque m 1 2310 = 
due to unequal forces acting on poles. нь 10х10 
8. (0) Ferromagnetic substance has magnetic = ЗЭ. : | 
domains whereas paramagnetic substances 12. (9) Graph [A] is for material used for making 
have magnetic dipoles which get attracted permanent magnets (high coercivity) 
toa magnetic field. Ferromagnetic material Graph [B] is for making electromagnets and 
magnetised strongly in the direction of transformers. 
magnaismfidd, Henos, N, will be attracted Р 
paramagnetic substance attract weekly in 13, (b) Corecivity, H = — and 
the direction of field. Hence, N, will weakly Ho 
attracted. Diamagnetic substances do not 
have magnetic dipole but in the presence B= wn 
ofexternal magnetic field due to their orbital 
motion of electrons these substances are М. 100 
repelled, Hence, N, will be repelled. or H- pi = z %5:2=2600A/m 
9. (b Fora diamagnetic material, the value of y, " 
is slightly less than one. For any material, 14. (d) Weknowthat F =- where r=distance 
the value of e, is always greater than 1. dr 
10. @) Given: M, - L20 4n? ш loop from straight current carrying 
ip yO 
Here 
oa 2 Mo Ti 
Ш=-т-Ё=-1ула? x42 12x cos 
277 ar 
uo fy ly a? 
M,=1.00 Am?: == =з 
2 r 
B7 B, +B, + By d [- һо Aba’ но Jiha? 
Mj * M5 d(r. 2r p? 
Вы = 20-6 1 2) By 0) r 
4 E 
r Herer=d 


“аа 
“197020, 


ҮТ 2.56 х10%. 


6x107 


wb/m? 


a 
л Е — (attractive) 
Ф 
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Electromagnetic 


Induction 


20) 


А conducting square loop of side Z and 
resistance Ё moves in its plane with a uniform 
velocity v perpendicular to one of its sides. A 
magnetic induction В constant in time and space, 
pointing perpendicular and into the plane at the 
loop exists everywhere with half the loop outside 
the field, as shown in figure. The induced emfis 


[2002] 
(a) zero tp 
(b) RvB м эмэн 
Энн Y 
(c) vBL/R жыны 
M нен 
(d) vBL ITE 


Two coils are placed close to each other. The 

mutual inductance of the pair of coils depends 

upon 12003] 

(а) the rates at which currents are changing in 
the two coils 

(b) relative position and orientation of the two 
coils 

(c) the materials of the wires of the coils 

(d) the currents in the two coils 

When the current changes from 42 A to-2A in 

0.05 second, an e.m.f. of 8 V is induced in a сой, 

The coefficient of self -induction of the coil is 

12003] 


(а) 02H (b 04H 

(с) 08H (d) 01H 

А metal conductor of length 1 m rotates vertically 
about one of its ends at angular velocity 5 radians 
per second. If the horizontal component of earth’s 
magnetic field is 0.2x10“T, then ће e.m.f. 
developed between the two ends of the conductor 
is [2004] 
(a) SmV (b) 50uV (c) 5нУ (d) 50mV 


ЭР, 


One conducting Utube сап slide inside another 
as shown in figure, maintaining electrical 
contacts between the tubes. The magnetic field 
B is perpendicular to the plane of the figure. If 
each tube moves towards the other at a constant 
speed v, then the emf induced in the circuit in 
terms of B, / and v where 7 is the width of each 


tube, will be Л [2005] 
(а) -Biv B 
(b) Blv ( ; 

© 2 Bly 2 » х 
(d) zero 


The self inductance of the motor of an electric 
fan is 10 H. In order to impart maximum power at 
50 Hz, it should be connected to a capacitance 
of [2005] 
(a) БЫР (b АНЕ (с) 288 (d) 1pF 
Inan AC generator, a coil with N turns, all ofthe 
same area A and total resistance R, rotates with 
frequency «in a magnetic field B. The maximum 
value ofemf generated in the coil is [2006] 
(a) NABR@ (b NAB 

(с) NABR. (d) МАВ 

The flux linked with a coil at any instant 7 is 
given by ф= 107— 501+ 250. The induced emfat 
1=3sis 12006] 
(а) -190V(b) -10У (c) 10V (d) 19V 
Two coaxial solenoids are made by winding thin 
insulated wire over a pipe of cross-sectional area 
A = 10 cm? and length = 20 cm. If one of the 
solenoid has 300 turns and the other 400 turns, 
their mutual inductance is [2008] 
(n7 41 107 Tm A+) 

(а) 24x*103H (b) 48x*104H 

(c) 48лх105Н — (d) 24лх10“Н 


WWW.JEEBOOKS.IN 


Р-160 Physics 
10. A boat is moving due east in a region where the 
earth's magnetic field is5.0 х 10? NA^! m! due 1 
north and horizontal. The boat carries a vertical 1 
aerial 2 m long. If the speed of the boat is 1.50 © B a В 
ms", the magnitude of the induced emf in the 
wire of aerial is: [2011] к= R> 
(а) 075mV (b) 050mV 
(с) 015шу (d) шу 14. А metallic rod of length “£” is tied toa string of 
1. A horizontal straight wire 20 m long extending length 2/ and madeto rotate with angular speed 
from east to west falling with a speed of 5.0 m/s, © on a horizontal table with one end ofthe string 
at right angles to the horizontal component of fixed. If there is a vertical magnetic field “В” in 
thecarth’s magnetic field 0.30 x 10 УМ, The theregion, the c.m.f. induced across the ends of 
instantaneous value of the e.m.f. induced in the the rods 12013] 
wire will be [2011 RS] 2Bof 
(a) 3mV (b) 45mV а) —— 
(с) L5mV (d) 60mV 2 
12. Acoilissuspended in a uniform magnetic field, E. 
with the plane ofthe coil parallel to the magnetic (орь 
lines of force, When а current is passed through 3 
the coil it starts oscillating; It is very difficult to двой 
stop. Butifan aluminium plate is placed near to (0 —— 
the coil, it stops. This is due to : 12012] 5 
(a) developement of air current when the plate 15. Іпа coil of resistance 1000, a current is induced 
Зулай by changing the magnetic flux through it as 
(b) induction of electrical charge on the plate shown in the figure. The magnitude of change 
(c) shielding of magnetic lines of force as in flux through the сой ілу 12017] 
aluminium isa paramagnetic material. (а) 250Wb d 
(d) electromagnetic induction in the aluminium (b) 275 Wb (amp.) 
plate giving rise to electromagnetic (c) 200Wb t 
damping. (d) 225 Wb 
13. A charge Q is uniformly distributed over the зү: 085 
surface of non-conducting disc of radius R. The б, A conducting circular loop made ofa thin wire, 
disc rotates about an axis perpendicular to its has aréa 3.5 103m? and resistance 100. Tt js 
plane and ЫТ ушу its centre with an placed perpendicular to a time dependent 
angular velocity о. As a result of this rotation a magnetic field B(r) = (0.47) sin (500), The the 
magnetic field of induction B is obtained at the net charge flowing through the loop during 
centre of the disc. If we keep both the amount of i enndr-:l10msir dlose tc: 12019] 
charge placed on the disc and its angular (à) 14mC(b) 7mC (c) 21mC (d) 6mC 
velocity to be constant and vary the radius of 17, The total number of turns and cross-section 
the disc then the variation of the magnetic area in a solenoid is fixed. However, its length L 
induction at the centre of the disc will be is varied by adjusting the separation between 
represented by the figure : [2012] windings. The inductance of solenoid will be 
proportional to: 12019] 
t (а) L (b L? (с) 112 (d UL 
18. Consider a circular coil of wire carrying 
@ P ( в constant current /, forming a magnetic dipole. 
The magnetic flux through an infinite plane 
к >~ that contains the circular coil and excluding 


the circular coil area is given by ф„Тһе 
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Electromagnetic Induction 


magnetic flux through the arca of the circular 


coil area is given by $y. Which of the following 
option is correct? 12020] 
(а) $76, (5 $74, 

© ф<ф () $-—4 


19. Along solenoid of radius R carries a time (1) - 
dependent current Ди) = 1-0). A ring of radius 
2R is placed coaxially near its middle. During 
the time interval 0 <7< 1, the induced current 
(lp) and the induced ЕМА, ) in the ring change 
as: [2020] 
(a) Direction of J, remains unchanged and Vp 

is maximum at /= 0.5 
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(b) Att=0.25 direction of /, reverses and Vp 


ismaximum 

(c) Direction of /, remains unchanged and Vp 
iszeroat 1-0.25 

At t=0.5 direction of /, reverses and И, is 

zero 


(d) 


20. AloopABCDEFA of straight edges has six corner 


points 4(0, 0, 0), В (5,0, 0), С(5.5, 0), D(0, 5. 0), 
E(0, 5, 5) and АО, 0, 5). The magnetic field in 
this region is 


B -(3i + A£)T. The quantity of flux through the 
loop ABCDEFA (in Wb) is 12020] 


а 
2. (b) Mutual inductance depends on the relative 
position and orientation of the two coils. 
3. (d) Induced emf, 
Ab AUD QA 
At At At 


@ |a» | «n | 0» | co Го | «o | 0» | «n [о | co Го | ба | ф | a 
16 | 17 | 18 [19 20 
(None)| (à) | (а) | 09) | 175.00) 
cC Solutions 25 
1. @ As the side BC is outside the field, no emf 
is induced across BC. Further, sides AB 
and CD are not cutting any flux. So, they 
will not centribute in flux. 
Only side AD is cutting the flux 50 emf will 
be induced due to AD only. 
The induced emfis 
12249. (BA) -d(BAcos0") 4. 0) Given, length of 
EXE А” a Angular speed, «= 5 га 
= M e Magnetic field, В = 0.2 
EmF generated between two ends of 
conductor 
изин ы! = 507 
5. locity of the tube of width /, 
C»v-2 
2. Induced emf. = В, Qv) 
6. (d) Maximum power (2А) is obtained when / 


is maximum and 
For maximum current X, =X, which yields 


1 ES 
лер сс C= "n 
1 1 
(Олт) — 50x50x10 


7. C=0.1 x 05 F= 1pF 
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7. (d 
& b 
9. (d) 
10. (с) 
п. @ 
р. @ 
13.0) 
14. @ 
15. (a) 


rate oF change of flux 
db ав.) 
dt dt 


= E (ВАсоѕог) = NBAosin ot 


Махаа, emfoccur when sin @f= 1 16. 


NBA 

Fleck flux, ġ= 102—50г+ 250 
dé 

Induced emf, e =-— = 
dt 

в 10и 

G jen, Area of cross-section of pipe, 

A= 10cm" 

Length of pipe, / —20 ст 


-(20r- 50) 


M EA 
_ 4x10! 300x400 x 100x107 17. 
02 
18. 
мА 
=24пх10+Н 
Given, 


Length of aerial, (-2т Earth's magnetic field, 
B-5x105NA^m 

Induced emf- vB = 155 51052 
5х10% 


Induced, emF, £= Ву? 
=03х10+х5х20 

-3x102V-3mV. 

Because of the Lenz's law of conservation 
of energy, Length of straient wire, / = 20m 
Earth's Magneti field, 

B=0.30 х 10 Wb/m?. 

The magnetic field due toa disc is given as 


Here, induced e.m.f. 
e 3 


— —9dx 


B гр 
212225 во 29 -601 


(5800 


According to Faraday's law of 


а 


electromagnetic induction, £= 7 
d 
Also, ¢=iR 


15mV 19. 


20. 


Physics 


"m з 

RT > fab = Ref iat 
Magnitude of change in flux (dó) = 
area under current vs time graph 


11 

or, p= 100 x x10 =250 Wb 
(None) 

Net charge 


"n 1 Є 
=—=— АВ – В) = — х3.5х10° 
ar dE P ie 


225) 
2 


q;651004-0) -14x104 


No option matches, so it should be a bonus. 


Inductance = 


As magnetic field lines form close loop, 
hence every magnetic field line creating 
magnetic flux through the inner region (0) 
must be passing through the outer region. 
Since flux in two regions are in opposite 
region. 


хөл, 


According to question, /(r) = (1 — t) 


2 
2 


@ 


В D 
ó-BA 
= (Hy al) х (AR?) 
C^ B= py mf and A— nR?) 
2% 

dt 
= итв 0,21) у, 


Vp= 


1 
= Vp oDattos 


(175.00) 


E(0,5,5), 


4 
55 Ту; 
f XS 


Flux through the loop ABCDEFA, 
$- B. A- (3Í - 4k) (25i +25 ) 
зэф-(3х25)-(4525)-175 weber 


~N 
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Alternating 


Current 


The power factor of an AC circuit having 
resistance (R) and inductance (L) connected in 
series and an angular velocity œis [2002] 
(а) R/GL (b) R(R2+ œ 
(©) OLR (d) RR- ey? 
The inductance between A and Dis [2002] 


(а) 3.66H(b) 9H (с) O.66H(d) 1H. 
In a transformer, number of turns in the primary 
coil are 140 and that in the secondary coil аге 
280. If current in primary coil is 4 A, then that in 
the secondary coil is 12002] 
(a 4A (b) 2A (c 6A (d) 10А. 
Inan oscillating LC circuit the maximum charge 
on the capacitor is О. The charge on the 
capacitor when the energy is stored equally 
between the electric and magnetic field is 
[2003] 


Q Q 

(a) g (b) У (c) үз @ о 

The core of any transformer is laminated so as 

to [2003] 

(a) reduce the energy loss due to eddy currents 

(b) make it light weight 

(c) make it robust and strong 

(d) increase the secondary voltage 

Alternating current can not be measured by D.C. 

ammeter because 12004] 

(a) Average value of current for complete cycle 
iszero 

(b) A.C. Changes direction 


12. 


2g 


(© A.C. can not pass through D.C. Ammeter 
(d) D.C.Ammeter will get damaged. 
In an LCR series a.c. circuit, the voltage across 
each of the components, L, C and R is 50V. The 
voltage across the LC combination will be 
12004] 
(а) 100V (b) 5042 V 
© 50V. (d) OV (ero) 
In a LCR circuit capacitance is changed from C 
to 2 C. For the resonant frequency to remain 
unchanged, the inductance should be changed 
from Lto 12004] 
(а) L2 (b 2L (с) 4L (d LA 
The phase difference between the alternating 


current and emf is I Which ofthe following 


cannot be the constituent of the circuit? [2005] 

а) RL (b) Calone 

(c) Lalone (d) LC 

A circuit has a resistance of 12 ohm and an 

impedance of 15 ohm. The power factor of the 

circuit will be 12005] 

(a) 04 (b) O8 (с) 0125 (d) 125 

А coil of inductance 300 mH and resistance 20 

is connected to a source of voltage 2V. The 

current reaches half of its steady state valuc in 
[2005] 

(a) 048 (b) 005% 

(с) 0.35 (4) 0.155 

In а series resonant LCR circuit, the voltage 

across R is 100 volts and R= 1 КО with C= 2uF. 

The resonant frequency о is 200 rad/s. At 


resonance the voltage across L is [2006] 
(а) 2.5*10°V (b) 40V 
(c) 250V (d) 4x10? V 


P-164 
13. 


14. 
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Physics 


An inductor (Z= 100 mH), a resistor ( = 1000) 
and a battery (E = 100 V) are initially connected 
in series as shown in the figure. After a long 
time the battery is disconnected after short 
circuiting the points 4 and В. The current in the 


circuit 1 msafterthe short circuit is — [2006] 
L 
rovove 
R 
A 
— at 
E 


(a) l/eA (b eA (с) ОЛА (d) ТА 
In an a.c. circuit the voltage applied is £ = £} sin 
of, The resulting current in the circuit is 
144, sin{ or x 1) . The power consumption 
in the circuit is given by [2007] 


(а) Р-У2ЕИ, (Ы p= Foto 


Eok 
© P-zero @ Р=—%% 
An ideal coil of 10H is connected in series with 
a resistance of SQ and a battery of SV. 2second 
after the connection is made, the current flowing 


in ampere in the circuit is 12007] 
(а) (l-e) (b (1-е) 
© e (d е! 


An inductor of inductance Z = 400 mH and 
resistors of resistance R, = 20 and R, = 2Q are 
connected to a battery of emf 12 V as shown in 
the figure. The internal resistance of the battery 


is negligible. The switch S is closed atz =0. The 

potential drop across Z as a function of time is 
12009] 

2o Р 

@ +e У (b 6(-e""5v 

© Rev (d) 6e*V 

In the circuit shown below, the key K is closed 

at (— 0. The current through the battery is 
12010] 


V 
att =0 and m Te 


V(R + Ra) 


att =0 and ————*“at t= œ 


(с) Танаа 


V(R +R) 

RiR 2 
Ina series LCR circuit А = 2000 and the voltage 
and the frequency of the main supply is 220V 
and 50 Hz respectively. On taking out the 
capacitance from the circuit the current lags 
behind the voltage by 30°. On taking out the 
inductor from the circuit the current leads the 
voltage by 30°. The power dissipated in the LCR 


(d) att =Oand att= о 


circuit is 12010] 
(а) 305W (b) 210W 
(с) Zero W (d) 242W 


A fully charged capacitor C with initial charge ф, 
is connected toa coil of self inductance L at £ =0. 
The time at which the energy is stored equally 
between the electric and the magnetic fields is: 
[2011] 


@ ТЇС ® 2/0 


(€) ЛС () Vic 


Alternating Current 


20. 


21. 


22. 


23. 
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А resistor ‘R’ and 2uF capacitor in series is 
connected through a switch to 200 V direct 
supply. Across the capacitor is a neon bulb that 
lights up at 120 V. Calculate the value of R to 
make the bulb light up 5 s after the switch has 
been closed. (log, 2.5 = 0.4) [2011] 
(а) 17x100 (b 2.1050 

(с) 33x10Q (d 13x10Q 
Combination of two identical capacitors, a 
resistor R and a dc voltage source of voltage 6V 
is used in an experiment on a (C-R) circuit. It is 
found that for a parallel combination of the 
capacitor the time in which the voltage of the 
fully charged combination reduces to half its 
original voltage is 10 second. For series 
combination the time for needed for reducing 
the voltage of the fully charged series 
combination by half is [2011 RS] 
(a) 10 second (b) 5 second 

(c) 2.5 second (d) 20 second 

In an LCR circuit as shown below both switch: 
are open initially. Now switch S, is closed, 
5, kept open. (q is charge on the capacitor and 
т = RC is Capacitive time constant). Which of 
the following statement is correct? — [2013] 


(a) Work done by the battery is half of the 
energy dissipated in the resistor 

(b At,t=1,q=CV/2 

(с) Att=2r, V(1-e2) 

(4) Амг-21,4-СУ(1-7) 

In the circuit shown here, the point ‘C° is kept 
connected to point *A till the current flowing 
through the cireuit becomes constant. Afterward, 
suddenly, point *C" is disconnected from point 
‘A’ and connected to point *B' at time t — 0. Ratio 
ofthe voltage across resistance and the inductor 
att = L/R will be equal to: 12014] 


24. 


25. 


() -1 (d) 


An inductor (L=0.03 Н) anda resistor (R = 0.15 
kQ) are connected in series to a battery of 15V 
EMF in a circuit shown below. The key K, has 
been kept closed for a long time. Then at = 0, 
K, is opened and key K, is closed 
simultaneously. At / = | ms, the current in the 


circuit will Бе: (е® = 150) 12015] 
003H олко 
TOIT 
К, 
{+ 
iv К 
(а) 67тА (b) 0.67 тА 
(c) 100mA (d) 67mA 


An LCR circuit is equivalent to a damped 
pendulum. In an LCR circuit the capacitor is 
charged to Q, and then connected to the L and 
R as shown below : 12015] 


R L 


miel 


If a student plots graphs of the square of 
maximum charge (Оў, ) on the capacitor with 
time(t) for two different values L, and L, (L,» 
Lj) of L then which of the following represents 
this graph correctly? (plots are schematic and 
not drawn to scale) 
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n Ка: 
@) СЕ b) CE—L— 
) (p © (+) 
@) (с) CE (d CE—— 
Gr) 
28. In an a.c. circuit, the instantaneous e.m.f, and 
current are given by 
= 100sin307 
" or both L, and Lj) : 
v i=20sin [30-5] 
1 4 
In one cycle ofa.c., the average power consumed 
by the circuit and the wattless current are, 
respectively: 12018] 
" 1000 
(а) SOW, 10А дад; 
50 
© 2290 (d) 50W,0 
29. For an RLC circuit driven with voltage of 
І 
amplitude v, and frequency бу = the 
p Ym quency ® = TE 
26. Ап arc lamp requires a direct currentof 10 A at степски resonance. The quality factor, 
80 V to function. If it is connected to a 220 V Qis given by: 12018] 
(rms), 50 Hz AC supply, the series inductor uL cR 
needed for it to work is close to : 12016] @ cw 6) >> 
(а) 0044H (b) 0065Н 
(c) 80H (d) 008Н R CR 
27. In the given circuit diagram when the current. res (d — 
а н Mund (оС) 2 
reaches steady state in the circuit, the charge 
on the capacitor of capacitance C will Бе 30. А LCR circuit behaves like a damped harmonic 


12017] 


oscillator. Comparing it with a physical spring- 
mass damped oscillator having damping constant. 
‘b’, the correct equivalence would be: [2020] 
(а) Lem Cek, Reb 
b) Le lco loge 1 
n m k 
(с) LO CeobRoem 
(d Lom Ce, R&b 


Answer Key 


Alternating Current 


Цан) 


2 @ 
з b 
4 © 
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Solutions 


qe 


25 


Resistance of the inductor, X, = oL 
The impedance triangle for resistance (R) 
and inductor (L) connected in series is 
shown in the figure. 


X= ol 


Net impedance of circuit Z= J X? + R? 
R 


Power factor, cos ф= = 


All three inductors are connected in 
parallel. The equivalent inductance L, is 
given by 


nL- 


Number ofturns in primary 
N,- 140 

lumber of turns in secondary N, = 280, 
=44, 1 - 

Using transformation ratio fora transformer 


1,140 
7047 280 
= 1,=24 


When the capacitor is completely charged, 
the total energy in the LC circuit is with the 
capacitor and that energy is given by 


When half energy is with the capacitor in 


the form of electric field between the plates 
of the capacitor we get 


10. 


M. 


@) 


@) 


@) 


b 


Here q' is the charge on the plate of 
capacitor when energy is shared equally. 
> jA 


Laminated core provide оь Migros- 
section for the current to flow. Because of 
this, resistance of the core increases and 
current decreases there by decreasing the 
energy loss due to eddy current. 

D.C. ammeter measure average value of 
current. In AC current, average value of 
current in complete cycle is zero. Hence 
reading will be zero. 

Tn a series LCR circuit voltage across the 
inductor and capacitor are in opposite 
phase 

у Net voltage difference across 
LC-50-50-0 


1 


Resonant frequency, F, = 


For resonant frequency to remain same 
LC = constant 


“LC=L'C' 

=> LC=L'x2C 
L 

—L- 


Phase difference for RL circuit lies 


between fo. 2) but 0 or 7/2 


Given, Resistance of circuit, R= 12 Q 
Imedance of circuit, Z= 15 Q 

Power fact = cosp= 4 о.з. 
ower factor = ГЕТЕ 
Current in inductor circuit is given by, 


41-21) 


i 


; FEE 
2-00-01) > etu 
Taking log on both the sides, 
= logi - log2 
[3 
> 17 log 30010 „уш, 


=> 1=0.1 sec. 


Р-168 


12. 


13. 


14. 


15. 
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Physics 


© 


@) 


© 


(а) 


At resonance X, 


2500 


Voltage across L is TS 


V,-IX, 
-0,1х2500-250У 
Initially, when steady state їз achieved, 


Let E is short circuited at / — 0. Then 
Att=0 

: E 100 
Maximum current, jy= 7 — 155 7 1 
Let during decay of current at any time the. 


current flowing is -12 
dt 


di 
25:86, 


R =100х1073 
TEM 
=1хе 100x10 


1 


QUE 
=і= 6 
R 


e 
We know that power consumed in ас. (8, 


circuit is given by, 
PE, ls COS È 
Here, E= E, sin ox 


т=з [ө-®) 
2 


This means the phase difference, is ф = 


wa 


т 


5 


7 cos b= cos 


x P-E, .cos==0 


4, 
rns тт C08, 


Given, resistance of resistor, А = 5 О 
Maximum current in the circuit 


» 
3.14 


nz 


RS 


When current is in growth in LR circuit 


E- 
I= S D 


5 


5 


1-е -ü-ed) 


(c) Growth in current in branch containing L 
and R, when switch is closed is given by 


E п-к 
ву 
E R, -Ral EC 
Е.П EC, 
TIMES T 
Hence, potential drop across L 
3 (Ret 
dt L 
2 
Ба = qae 40091073 росу 


(©) Atr=0, no current will flow through L and 
R, as inductor will offer infinite resistance. 


y 
2. Current through battery, i- — 
Ry 


At t оо, inductor behave as conducting 
wire 


Effective resistance, Ry = АВ, 
R +R 
y 
х. Current through battery Ry 
ИОК t Бэ) 
= RR 


(d) When only the capacitance is removed 
phase difference between current and 


voltage is 
XL 
tnó- 22 
an p=“ 
27 
= tang = 
Шаг: 


= of = Rtan$-200x—. - 200 
oL = Rtané-200x—— 
45 B 
When only inductor is removed, phase 
difference between current and voltage is 
1 


tan = 
$ ОСК 


1 1 200 
-l Rune -200х-1--200 
асе 5 45 


Alternating Current 


19. 


20. 


21. 


@) 


b) 


(c 
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Impedance of the circuit, 


4, 


(220)? x200 
772207 (200)? 
| 220x220 _ 
=— Iw 


Energystored in magnetic field — 
1 

Energystored in electric field = — 

Energy will be equal when 

14? 

2с 


tan 07 = 1 
q = 45805 ot 
(до coser)? 


1 — PA 
= 2 (oq, sin o = 2C 


1 
9 УС 


ша” 
тө 
4 


> (= NIG 


We have, У-Уү(1-е 6) 
= 120—200(1— 8C) 


200 200 
ї=1ор (2.5) 
— 1=RCin(2.5) Ге r-RC] 


—R-2.1x106Q 
Time constant for parallel combination 
=2RC 
Time constant for series combination 
RC 
= 
In first case : 


АЧ. 


22. 


23. 


24. 


25, 


[3] 


© 


b) 


© 


P-169 


A 
V = Ие 2KC 


3 40) 


In second case : 
In series grouping, equivalent capacitance 


«) 


Charge on he capacitor at any time t is 
given Бу ф= CV (1-e'") 


V (1-e?) 
Applying Kirchhoffs law of voltage in 
closed loop 


15x100 


= =0.1A 
0.1эх10 
К=)=0 


1(0)= 


Й 
10) = 10) 169) e" + i(c0) 


at R 
Ц0-01 eL/R = 01е 
0.15x1000 


Kt)=0.1 e 003 0.67тА 
From KVL at any time ғ 
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Р di Potential difference through capacitor 
Z-iR-L—-0 ( \ 

с а [^ -E-ir- Е-| yr 
А ren 
dq q dq , 1а 
Att AR A = БЕРЕГ 
й c dt а? s О=СЕ em 
2 28. (b) Aswe know, average power P, — V... lan 
d'a Rd a o со58 "E 4 


d) Ld Lc. 
From damped harmonic oscillator, the 


dt 
amplitude is given by A = 4je- —— 
2m 
Double differential equation 
Wattless current I = Ims sin 
E! ‚м аб = = 10A 
Ол =Qoe ?Ё Qn - Qe 1 2 
РР L 
Hence damping will be faster for lesser self 20, (a) Quality factor Q= 2> -2% 
inductance. С бау 2^0 К 
26. (b) Here 30. (d) In damped harmonic oscillation, 


Ai) 
У 80 С L 
=—=—= N- 
8-1 682 1 
On solving we get i 
L=0,065H ANM 
27. (a) In steady state, flow of current through E. 
capacitor will be zero. Ї 13 Ha” 
Current through the circuit, m 


+R 420 у 


Comparing equations (i) & (ii) 


© Len Cen b 
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Electromagnetic 


Waves 


Electromagnetic waves are transverse in 

nature is evident by 12002] 

(a) polarization (b) interference 

(c) reflection (d) diffraction 

An electromagnetic wave of frequency v — 3.0 

MHz passes from vacuum into a dielectric 

medium with permittivity € = 4.0. Then [2004] 

(a) wave length is halved and frequency 
remains unchanged 

(b) wave length is doubled and frequency 
becomes half 

(c) wavelength is doubled and the frequency 
remains unchanged 

(d) wave length and frequency both remain 
unchanged. 

An electromagnetic wave in vacuum has the 

electric and magnetic field Ё and B, which 

are always perpendicular to each other. The 


direction of polarization is given by X andthat 
of wave propagation by К. Then 12012] 
(а) X|B and £|BxE 
(b X|[E and K|ExB 
() X|Band кх 
(d) XB and £l BxE 
The magnetic field ina travelling electromagnetic 
wave has a peak value of 20 nT. The peak value 
of electric field strength is: 

12013] 


(а) 3V/m (b) 6V/m 
(c) 9 V/m (d) 12 Vin 


Lal 


32 


During the propagation of electromagnetic 

waves in a medium: 12014] 

(a) Electric energy density is double of the 
magnetic energy density. 

(b) Electric energy density is half of the 
magnetic energy density. 

(c) Electric energy density is equal to the 
magnetic energy density. 

(d) Both electric and magnetic energy densities 
are zero. 

Match List - I (Electromagnetic wave type) with 

List - II (Its association/application) and select 

the correct option from the choices given below 

the lists: 12014] 


List 1 List 2 


"То treat muscular 
strain 
(ii) For broadcasting 
(iii) To detect fracture 
of bones 
4. Ultraviolet rays (iv) Absorbed by the 
ozone layer of the 
atmosphere. 
1 з 4 
(a) (v) (iii) (i) (i) 
(b) (i) (i) (Qv) (ii) 
(c) (ш) (i) (i) (iv) 
(d) а) (ш) (i) (v) 
Arrange the following electromagnetic 
radiations per quantum in the order of 
increasing energy : 12016] 


1. Infrared waves (i) 


2. Radio waves 
3. X-rays 


Р-172 
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A: Blue light B: Yellow light 
C: X-ray D: Radiowave. 
(a) САВО — (b B,A,D,C 
(c) D,B,A,C — (d АВ,О,С 
An EM wave from air enters a medium. The 


electric fieldsare £y ZEE | in 
le 

air and 

Ej = БрХсов| (22-с0)| in medium, where 

the wave number k and frequency v refer to their 

values in air. The medium is nonmagnetic. If e, 


and €, refer to relative permittivities ofair and 


medium respectively, which of the following 
options is correct? [2019] 


(à) —i--4 


A plane electromagnetic wave of frequency 50 
MHz travels in free space along the positive x- 
direction. At a particular point in space and time, 
E - 63 j Улт. The corresponding magnetic 


field B, at that point will be: [2019] 


10. 


Physics 


(а) 18.9% 105 £r. (b) 2.1 х 105 £r 


(c) 63x10* ÊT (d) 189 x 108 £r 
The magnetic field of a plane electromagnetic 
wave is given by: 


В = Byilcos(kz – o1] + B jcos(kz + or) 


Where By =3 x 105 Tand B, =2* 10 Т. 
The rms value of the force experienced by a 
stationary charge Q= 10 + Catz=O is closest 


to: 12019] 
(а) 06N (b) OIN 
(c) 09N (d) 3«102N 


Ifthe magnetic field in a plane electromagnetic 
wave is given by B =310 * sin (1.600 103 
48 «o 10107) / T, then what will be expression for 
12020] 


(8) Ё = (60 sin (1.6 «c 18x + 48 «c 1010) 
vim) 


electric field? 


(b) E =(9sin (1.6% 108x +48 оо10'0)у/т) 

(c) Ё = (3 0108 sin (L6 oc 103x +48 zc 1010) 
vim) 

(d) Ё =(3 210 5sin (1.6 20 108x +48 20 10107) 
vim) 


Electromagnetic Waves 


1. 
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Solutions 


P-173 


cc 


25 


(а) The phenomenon of polarisation is shown 
only by transverse waves. The vibration 
of electromagnetic wave are restricted 
through polarization in a direction 
perpendicular to wave propagation. 

(a) Frequency remains unchanged during 
refraction 


Velocity of EM wave in vacuum 


Vacuum = 


“аа 2 


3 


|" vacuum 


2 
Y 


"vacuum 


2. Wavelength is halved and frequency 
remains unchanged 
(b) 7 The E.M. wave are transverse in nature 


N 


where Н = 


т |ә 


ап еб г И) 


oe 
k is L H and & isalso | to È 

The direction of wave propagation is 
parallel to E x В. 

The direction of polarization is parallel to 
electric field. 

From question, 

By=20nT=20« 10°T 

(-: velocity of light in vacuum C=3 x 108 
ms!) 


©) 


Fy = By x 


5. 


© 


(©) 


-rays X-rays uv-rays Visible rays IR rays 
у 


| Ey HB |-|С 20x10? x3x108 
=6 Vim. 


Ey = CBy and C= 


19... 
Electric energy density = 79080 =н 


2 


1 Bo 
Magnetic energy density = ул 78 


Thus, ip = Hg 
Energy is equally divided between electric 
and magnetic field. 


Infrared rays are used to treat muscular 
strain because these are heat rays. 
Radio waves are used for broadcasting 
because these waves have very long 
wavelength ranging from few centimeters 
to few hundred kilometers. 
X-rays are used to detect fracture of bones 
because they have high penetrating power 
but they can't penetrate through denser 
medium like dones. 
Ultraviolet rays are absorbed by ozone of 
the atmosphere. 

E, Decreases 


Radio 
IBGYOR Microwaves waves 


Radio wave < yellow light < blue light < 
X-rays 


(Increasing order of energy) 


Velocity of EM wave is given by 


o 
Velocity in air= 777 C 
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Velocity in medium — 


RIO 


Lasmedium is non-magnetic 


9. 0) As we know, 


п. 
вы 2 z=21x10 °T 
C 3x10 
As V LE LÈ therefore direction of B is 
in z-direction 
B=2.1x10 Sk 


Physics 


10. (а) By- 4 Bj +B; = N30 +2? x10 5 


=30х10-%Т 
2 Еу=сВ=3 x 108 x30 x 106 
=9x 10? V/m 


ГЭЖЭЭ 

E = x10 V/m 
m Jo 95 

Force on the charge, 

F = Eps = ap xo^ 


42 


=0.64N 


(b) Given, 
B=3x10 *sin(1l.6x10 +481019) jT 


Using, 
Eg7Bg* С=3 х 108 х3 x 109-9 V/m 
Electric field, 


Ё - 9sin(1.6x103x -48x 109 )£ Vim 


» 
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Ray Optics and : 
Optical Instruments: 


An astronomical telescope has a large aperture 
to [2002] 
(a) reduce spherical aberration 

(b) have high resolution 

(c) increase span of observation 

(d) have low dispersion 

Iftwo mirrors are kept at 60° to each other, then 
the number of images formed by them is [2002] 


(a) 5 ( 6 
(c) 7 (d) 8 
Which ofthe following is used in optical fibres? 


[2002] 

(a) total internal reflection 

(b) scattering 

(c) diffraction 

(d) refraction. 

Consider telecommunication through optical 

fibres. Which ofthe following statements is not. 

true? 12003] 

(a) Optical fibres can be of graded refractive 
index 

(b) Optical fibres аге subject to 
electromagnetic interference from outside 

(c) Optical fibres have extremely low 
transmission loss. 

(d) Optical fibres may have homogeneous core 
with a suitable cladding. 

The image formed by an objective of a 

compound microscope is 12003] 

(a) virtual and diminished 

(b) realand diminished 

(c) real and enlarged 

(d) virtual and enlarged 


52 


To get three images ofa single object, one should 
have two plane mirrors at an angleof [2003] 
(a) 6° (b) 90 

(с) mo (d) 30° 

A light ray is incident perpendicularly to one 
face of a 90° prism and is totally internally 
reflected at the glass-air interface. If the angle of 
reflection is 45°, we conclude that the refractive 


index n 12004] 
A 
I CE — 
INS 
45". 
[ 45°, 
в) л> (5) 42 
a ЧЕ п> 
ГРЕЕ 4) / 
Ө лет (d n«42 


A plano convex lens of refractive index 1.5 and 
radius of curvature 30 cm, is silvered at the curved 
surface. Now this lens has been used to form the 
image of an object. At what distance from this 
lens an object be placed in order to have a real 
image of size of the object [2004] 
(a) 60cm (b) 30cm 

(c) 20cm (d) 80ст 
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P-176 Physics 
9. A fish looking up through the water secs the 14. An experment is performed to find the 
outside world contained in a circular horizon. If refractive index of glass using a travelling 
microscope. In this experiment distances are 
the refractive index of water is Ž and the fish is measured by 12008] 
3 (a) a vernier scale provided on the 
12cm below the surface, the radius of this circle microscope 
incmis 12005] (b) astandardlaboratoryscale — 
6 (c) a meter scale provided on the microscope 
OF (b) 36/7 (d) ascrew gauge provided on the microscope 
15. A transparent solid cylindrical rod has a 
(c) 45 (d) 36/5 M 
10. А thin glass (refractive index 1.5) lens has optical refractive index of 75 It is surrounded by ar. 
power of— 5 D in air. Its optical power in a liquid A light ray is incident at the mid-point of one 
oun gp cu will be [2005] end of the rod as shown in the figure. 
a) = 
Il. The refractive index ofa glass is 1.520 for red 90 
1 ЭР 1 
кые уксан елын eie Dd The incident angle 0 for which the light ray 
яв Са o^ minimum devigon for red and une. grazes along the wall ofthe rodis: [2009] 
light respectivelyin a prism ofthis glass. Then, (2 
Эрээ 12006] (а) sim (3/2) (5 soe 
а, 1559 : 
(b D,=D, : af.) шаар 
(c) D, can be less than or greater than D; (дф sn |) @ smc) 
depending upon the angle of prism 16. In an optics experiment, with the position of 
(d D,>D, the object fixed, a student varies the position 
12. Two lenses of power -15 D айд +5 Date in of a convex lens and for each position, the 
contact with each other. The focal length ofthe screen is adjusted to get a clear image of the 
аана 12007] object. A graph between the object distance и 
0) 10е б 20 and the image distance v, from the lens, is 
plotted using the same scale for the two axes. 
(c) -10сп (d) 20cm shi à В 
FS. . straight line passing through the origin and 
13. А student anes ШШЕ А length ofa convex making an angle of 45° with the x-axis meets 
lens by putting an object pin at a distance ‘w’ the experimental curve at P. The coordinates 
from the lens and measuring the distance “у” of of P will be 12009] 
the image pin. The graph between ‘w’ and Ээ? nm 
иф by the student should Es (a) (4 7 O (D 
120081 (б алај) 0) Q£2/) 
Мет) vem) 17. Let the x-z plane be the boundary between two 
transparent media, Medium 1 in z 2 0 has a 
e refractive index of V2 and medium 2 with z < 


ОГ wem) о 


wem) 


"IS 
(d) 


(cm) 


wem) 


O has a refractive index of V3 . A rayof light in 
medium 1 given Бу the vector 
À- oi + 8V3}—104 is incident on the plane of 
separation. The angle of refraction in medium 


2 is: 12011] 
(а) 45° (b) 60° 
(с) 75° (4) 30° 


Ray Optics and Optical Instrum: 


18. 


20. 


21. 
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A caris fitted with a convex side-view mirror of 
focal length 20 cm. A second car 2.8 m behind 
the first car is overtaking the first car at a relative 
speed of 15 m/s. The speed of the image of the 
second car as seen in the mirror of the first one 
i 12011] 


(a) nf (b) 10т% 


1, 
7p ms 


© 15т% © i 


A beaker contains water up to a height Лү and 
kerosene of height 4, above water so that the 
total height of (water + kerosene) is (7) + hy). 
Refractive index of water is jand that of 
kerosene is pij. The apparent shift in the position 
of the bottom of the beaker when viewed from 
above is [2011 RS| 


@) (Ja) 


foci ve Of 
— jh - | -— | hy 
(с) (ШЕ Л шэн! 1 
Lm 901 
(d) М, J^ 


When monochromatic red light is used instead 
ofblue light in a convex lens, its focal length will 
[2011 RS] 


(а) increase 
(b) decrease 

(c) remain same 

(d) does not depend on colour of light 

An object at 24 m in front of a lens forms a 


sharp image on a film 12 cm behind the lens. A 
glass plate 1 em thick, ofrefractive index 1.50 is 


22. 


23. 


24. 


interposed between lens and film with its plane 
faces parallel to film. At what distance 
(from lens) should object shifted to be in sharp 


focus of film? 12012] 
@) 72m (b) 24m 
() 32m (d) 56m 


Diameter of a plano-convex lens is 6 cm and 
thickness at the centre is 3 mm. If speed of light 
in material of lensis2 х 109 m/s, the focal length 


of the lens is 12013] 
(8) 15ст (b) 20cm 
(c) 30cm (d) 10cm 


The graph between angle of deviation (8) and 
angle of incidence (i) for a triangular prism is 


represented by 12013] 
3 Р 
5 3 
@ f w 1 i. 
> o > 
i т 
А + 
| 5 
© (J (d) 1 хи 
1 > 9 i= 


A thin convex lens made from crown glass 


3 
С = i has focal length f. When it is measured. 


in two different liquids having refractive indices 
‚ it has the focal lengths f; and f, 


respectively. The correct relation between the 
focal lengths is: [2014] 


d 
(b) f, > fand f; becomes negative 
(c) fj» fand f, becomes negative 


(d) f, and f; both become negative 
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25. 


26. 


27. 
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Monochromatic light is incident on a glass prism 
ofangle A. If the refractive index ofthe material 
ofthe prism is н, a ray, incidentatan angle Ө, on 
the face AB would get transmitted through the 
[2015] 


face AC ofthe prism provided : 


(a) 


( 
(c) 0»sin 20 —sin (3 


(d) o< sein na (2] 


An observer looks at a distant tree of height 10 
m with a telescope of magnifying power of 20. 
To the observer the tree appears: [2016] 
(a) 20times taller (b) 20 times nearer 

(c) lOtimestaller (d) 10 times nearer 

In an experiment for determination of refractive 
index of glass of a prism by i — à, plot it was 
found that a ray incident at angle 35°, suffers а 
deviation of 40? and that it emerges at angle 79°. 
In that case which of the following is closest to 
the maximum possible value of the refractive 


index? 12016] 
@) 17 (b 18 
(c) 15 (d) 16 


28. 


30. 


Physics 


A diverging lens with magnitude of focal length 

25 cm is placed at a distance of 15 cm from a 

converging lens of magnitude of focal length 20 

cm. A beam of parallel light falls on the diverging 

lens. The final image formed is : 12017] 

(а) real and at a distance of 40 cm from the 
divergent lens 

(b) real and at a distance of 6 ст from the 
convergent lens 

(c) real and at a distance of 40 cm from 
convergent lens 

(d) virtual and at a distance of 40 cm from 
convergent lens. 


. A convex lens is put 10 cm from a light source 


and it makes a sharp image on a screen, kept 10 
cm from the lens, Now a glass block (refractive 
index 1.5) of 1.5 ст thickness is placed in contact 
with the light source. To get the sharp image 
again, the screem is shifted by a distance d. Then 
dis: 12019] 


(а) 1.1 em away from the lens 
(5) 0 


ст towards the lens 

(d) 0.55 cm away from the lens 

A concave mirror for face viewing has focal length 
of 0.4 m. The distance at which you hold the 
mirror from your face in order to see your image 
upright with a magnification of5 is: — [2019] 
(8) 024m (b) 1.60m 

(c) 0.32m (d) 0.16m 


- If we need a magnification of 375 from a 


compound microscope of tube length 150 mm 
andan objective of focal length 5 mm, the focal 
length of the eye-piece, should be close to: 

12020] 

(а) 22mm 

(c) 2mm 


(b) 12mm 
(d) 33mm 


Answer Key 


Ray Optics and Optical Instrum: 


1. 


b 


(а) 


(а) 


® 


© 


b 
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cc 


25 


The resolving power of a telescope is 


where D = diameter of the objective lens 
2. = wavelength of light. 


D 
Clearly, RP 77 


Resolving power of telescope resolution 
will be high if its objective is of large 
aperture. 

When two plane mirrors are inclined at each 
other at an angle Ө then the number of the 
images (n) of a point object kept between 
the plane mirrors is 


360° 
n= 


а= 
«г A is even integer) 


z ^ 360* 

2 Number of images formed = 7-1 
In an optical fibre, light is sent through the 
fibre without any loss by the phenomenon 
of total internal reflection. Total internal 
reflection of light waves confine the light 
rays inside the optical fiber. 

Optical fibres form a dielectric wave guide 
and are free from electromagnetic 
interference or radio frequency interference. 
There is extremely low transmission loss in 
optical fibre. 

Areal, inverted and enlarged image of the 
object is formed by the objective lens of a 
compound microscope. 

The number of images formed is given by 


5 


7. Ф) Fortotal internal reflection 


% a 


Incident angle (i) > critical angle (1), 
зїп i> sini, 


=> sin 45° > sin i, 


=> n>v2 


Using lens maker's formula 


sere Ec gu 41221 
ee UDG Fe | 
Here, R, == 

К, = 30 ст 


2 


1 1 1 
-а5-0|-:5| т 


1 3l, 1 21 


2 ==2х = 
Е 60 30/2 10 


F=10cm 


Real image will be equal to the size of the 
object if the object distance 


u-2F-20cm 
From the figure it is clear that. 


= R=OA tan, 
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Physics 


10. 5 


_ OAsind, 
050, 


п. 
12. 
According to lens maker's formula in air 
fi 1) 
Un 55) 
(1 11 
js 4 
a x) 9 
Using lens maker's formula in liquid 
medium, 
13. 


[3] 


© 


© 


Dividing (i) by (ii), 


When angle of prism is small, 

Angle of deviation, D=(1—1) 4 

Since, <А, 

>p,< m, 

>D, <D, 

When two thin lenses are in contact 
coaxially, power of combination is given 
by 

P=P +P, 

=(-15+5)D 

= 10D. 


(2. 100) сш = -10 cm. 
10 


From the lens formula 7 EIL 


This graph suggest that when 


и- fv-t€ 


Ray Optics and Optical Instrum: 


When visat- 2 ,v—f. 
v (cm) 


u (cm) 


When the object is moved further away 
from the lens, v decreases but remains 
positive. 


14. (а) Tofindtherefractive index of glass using a 
travelling microscope, a vernier scale is 
provided on the microscope 

15. © 


Applying Snell's law 
for medium inside the cylinder and air at О 
we get 

_ _sin90° 1 

| sinS0*-a) cosa 


1 
2. cosa =— 
n 


^ sina =yl-cos" a = |l 
т 


Applying Snell's Law for air and medium 
inside the cylinder at P we get 


sinO 
j= 


sina 


= sin0- пхзіпа = 2-1: [from(i)] 


16. 
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Ivi 


For the graph to intersect y = x line. The 
value of | v | and и | must be equal. 


From lens formula 


As |u| increases, v decreases for |u| > f. The 
graph between |у and |u| is shown in the 
figure. A straight line passing through the 
origin and making an angle of 45°with the 
x-axis meets the experimental curve at 
РОД 

As refractive index for z > 0 and z < 0 is 
different xy plane should be the boundry 
between two media. 


Angle of incidence is given by 


(637 +843) - 108) 


cos (7-7 D 
E 

-cos i=- 5 

=> 41=60° 


From Snell's law, 
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Physics 
= V2sini=V3sinr Apparent shift of the bottom due to water, 
= V2 sin60°= Js меһр) 

ш 


Apparent shift of the bottom due to 
kerosene, Afr 


3 
> дов 3sinr 


=Zr=45° 1 
= hy|1-— 
Thus, total apparent shift : 
= Ah, Afr, 
14 T 
-h|l-—|*h|l- 
iw cn 
20. (а) Fromthe Cauchy 
Formula, р А 
e x-— 
18. (а) From mirror formula X 
m А, < 
vu f m 
Differentiating the above equation, we get From lens maker's formula 
(1 1) 
and — = (u- | —-— 
(u-D RR 
Y. I 
э —>— ә /т>/з 
fe fr 
21. (d) The focal length of the lens 
Ф ( г b 18.1 
Ud u-f) dt f Жон 
died 
=—+—— 
12 240 
_20+1_21 
70240 240 
240 
Г-ге" 


When glass plate is interposed between 
lens and film, so shift produced will be 


Hi Water 


Ray Optics and Optical Instrum: 


22. 


23. 


24. 


Now image should be form at 


Now the object distance u. 
Using lens formula again 


1 _1[48-49 
>u 57x16 
= u=—7*16* 5=—560cm=—5.6m 


Velocity of light in vacuum 


© ns 


Velocity of light in medium 


niw 


3mm 


3! - (R- 3mm) = 
=> Y-R-2RGmm)-Gmmy-R 


=> Reisen 
ze rmm 
r2 Ns 


(c) For the prism as the angle of incidence (i) 
increases, the angle of deviation (8) first 
decreases goes to minimum value and then 
increases. 

(b) By Lens maker's formula for convex lens 


ric 


4, 
[Ed 
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for Hz, 
> h=C)ve 
When r,=C, ZN,RC - 90* 
Where C = critical angle 

li-x 
As sinC- —= 5015 

u 
Applying snell's law at ‘R° 
usin r,= 1 sin90° 
Applying snell's law at “О” 
1 * sin @=p sinr, ii) 
Butr,=A-r, 
So, sin Ө= p зіп (А-г) 
эш Ө=н sin A cosr,—cosA (ій) 
[using (i)] 
From(1) 


созт, М2, = fi 
By eq. (iii) and (iv) 


: 1 
sin @ = Hsin A 1-—-совА. 
2 


on further solving we can show for ray not 
to transmitted through face AC 


in Lr (3 
" 


So, for transmission through face AC 


07 sin СЕ ie] 
" 
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26. (b) Atelescope magnifies by making the object 
appearing closer. 
(©) Weknowthati+e—A=8 
35°+79° -A =40° А-74, 
m 


: Е ) " (=) 
sin sin —7 


sinA/2 


29. (d) 


27. 


But p= 


5 
Hmax бап be J. That is pigs, is less than 


5.187 
3 


But 6,, will be less than 40° so 


uci sin57° <> sin 60° ы 
3 3 


28. (c) Asparallel beam incident on diverging lens 
will form imageat focus. 


у=-25ст 


30. (©) 


4 15сш—э 


4! 


/--25ст | /-20ст 

The image formed by diverging lens is used as 

ап object for converging lens, 

So for converging lens и = —25-— 15 - 40 ст, 
=20 ст 


31. 


Final image formed by converging lens 
1.14 


улсад 20 


ог, У= 40 ст from converging lens real and 
inverted. 


Physics 


As the object and image distance is same, 
object is placed at 2f. Therefore 2f= 10 
orf-5cm. 
Shift due to slab, d 40-1 
in the direction of incident ray 

2 
=4= EL -) =0.5ст 


Now, и=—9.5ст 


Min using lens formula L Ё 
v 95 


Е 
5 
=v= 10.55ст 

Thus, screen is shifted by a distance d 

= 10.55 — 10 = 0.55 cm away from the lens. 


According question, M — 375 
L- 150 mm, f,=5 mmand f=? 


Using, magnification, M = 


( 
a 


f^ 
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24) 


To demonstrate the phenomenon of interference, 

we require two sources which emit radiation 
12003] 

(a) otnearly the same frequency 

(b) ofthe same frequency 

(c) ofdifferent wavelengths 

(d) ofthesame frequency and having a definite 

phase relationship. 

The angle of incidence at which reflected light 

is totally polarized for reflection from air to glass 

(refractive index л), is [2004] 

(a) тал 1/”) (b) sin(a) 

(c) 5ш (л) (d) апл) 

The maximum number of possible interference 

maxima for slit-separation equal to twice the 

wavelength in Young's double-slit experiment 

is 12004] 

(a) three (b) five 

(c) infinite (d) zero 

A Young's double slit experiment uses a 

monochromatic source. The shape of the 

interference fringes formed on a screen is 
[2005] 

(a) circle 

(c) parabola 


(b) hyperbola 
(d) straight line 

If Jy isthe intensity of the principal maximum in 
the single slit diffraction pattern, then what will 
be its intensity when the slit width is doubled? 
12005] 


(a) 4h (b 24, 


(d) h 


3 


When an unpolarized light of intensity 1, is 
incident on a polarizing sheet, the intensity of 
the light which does not get transmitted is 


12005] 
07 1, 
@ 20 0) 5/0 
© h (d) zero 


їп a Young's double slit experiment the intensity 


ata point where the path difference is Ł (being 
the wavelength of light used) is 7.17, denotes 


CES P 
the maximum intensity, 7— is equal to [2007] 


2 b) 
(a) A ( Z 
(d) 


In an experiment, electrons are made to pass 
through a narrow slit of width ‘d’ comparable to 
their wavelength. They are detected on a screen 
ata distance ‘D’ from the slit (see figure). 


Which of the following graphs can be expected 
to represent the number of electrons ‘N° 
detected as a function of the detector position 
y (y 0 corresponds to the middle ofthe slit) 
12008] 
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P-186 Physics 
y Y 13. Thisquestion has a paragraph followed by two 
|. statements, Statement — 1 and Statement — 2. 
Ж Of the given four alternatives after the 
ON 19 s— H} statements, choose the one that describes the 
In statements. 
A thin air film is formed by putting the convex 
H x surface of a plane-convex lens over a plane 
t glass plate. With monochromatic light, this film 
* т : А : 
(Nn f DN d gives an interference pattern due to light 
ж - reflected from the top (convex) surface and the 
bottom (glass plate) surface of the film. 

9. Amixture of light, consisting of wavelength 590 Statement — 1 : When light reflects from the 
nm and an unknown wavelength, illuminates air-glass plate interface, the reflected wave 
Young's double slit and gives rise to two suffers a phase change of л. 
overlapping interference patterns оп the Statement — 2 : The centre of the interference 
screen. The central maximum of both lights pattern is dark. 12011] 
coincide. Further, it is observed that the third (a) Statement— 1 is true, Statement —2 is true, 
bright fringe of known light coincides with the Statement — 2 is the correct explanation 
4th bright fringe of the unknown light. From of Statement — 1. 
this data, the wavelength ofthe unknown light (b) Statement- 1 is true, Statement —2 is true, 
is: 12009] Statement — 2 is not the correct 
(a) 885.0 nm (b) 442.5 nm explanation of Statement — 1. 

(c) 776.8 nm (d) 3934 nm (c) Statement — 1 is false, Statement 

Directions : Questions number 10-12 are based on true. 

the following paragraph. (d) Statement — 1 is true, Statement — 2 is 

An initially parallel cylindrical beam travels in a false. 

medium of refractive index Ц) = pg 57, where ру 14. At two points P and О on screen in Young's 

and p, are positive constants and 7 is the intensity of double slit experiment, waves from slits S} and 

the light beam. The intensity of the beam is г a" X 

decreasing with increasing ив S, have a path difference of 0 and 5, 

10. As the beam enters the medium, it will[2010] respectively. The ratio of intensities at P and Q 
(а) diverge will be : [2011 RS] 
(b) converge () 2:1 EN 
(c) divergenear the axis and converge near the (с) 4:1 (4) 3:2 

ЖЫРТ" 15. InaYoung's double slit experiment, the two slits 


(d) travelasa cylindrical beam 

11. The initial shape of the wavefront of the beam 
is [2010] 
(a) convex 
(b) concave 
(c) convex near the axis and concave near the 

periphery 

(d) planar 

12. The speed of light in the medium is 
(a) minimum on the axis of the beam 
(b) the same everywhere in the beam 
(c) directly proportional to the intensity / 
(d) maximum on the axis of the beam 


12010] 


act as coherent sources of wave of equal 
amplitude A and wavelength A. In another 
experiment with the same arrangement the two 
slits are made to act as incoherent sources of 
waves of same amplitude and wavelength. If the 
intensity at the middle point of the screen in the 
first case is /, and in the second case is /,, then 


NE 
the ratio — is 
(a) 2 ® 1 
(c) 05 


[2011 RS] 
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Wave Optics р-187 
16. Statement - 1: On viewing the clear blue 20. Two beams, A and B, of plane polarized light 
portion of the sky through a Calcite Crystal, with mutually perpendicular planes of 
the intensity of transmitted light varies as the polarization are seen through a polaroid. From 
MN RE AE the position when the beam A has maximum 
crystal is rotated. Eh irs 
Statement - 2: The light coming from the sky intensity (and beam B has zero intensity), a 
is polarized due to scattering of sun light by певана öf polaroid throughs 30° redes NEUE 
particles in the atmosphere. The scattering is beams appear equally bright. HEIN) 
largest for blue light. 2011 RS] intensities of the two beams are I, and Tp 
(a) Statement -1 is true, statement-2 is false. " IA 
(b) Statement-l is true, statement-2 is true, respectively, then m equals: 120141 
statement-2 is the correct explanation of 3 
statement-1 @ 3 e 2 
(c) Statement-l is true, statement-2 is true, 1 
statement-2 is not the correct explanation (с) 1 @ 3 
of statement-1 : 21. Assuming human pupil to have a radius of 0.25 
(d) Statement-1 is false, statement-2 is true. ст and a comfortable viewing distance of 25 
17. In Young's double slit experiment, one of the cm, the minimum separation between two 
slit is wider than other, so that amplitude ofthe bjects that human eye can resolve at 500 nm 
light from one slit is double of that other slit. wavelength is : 12015] 
If Ip be the maximum intensity, the resultant (a) 100 um (b) 300 ши 
intensity | when they interfere at phase (c) lum (d) 30um 
difference ĝis given Бу: [2012] 22. Theboxofapin hole camera, of length L, has a 
HERMAN E 29 hole of radius a. It is assumed that when the 
(8) = 4+5c084) 09) (зөн 2) hole is illuminated by a parallel beam of light of 
wavelength 7. the spread of the spot (obtained 
© E E 3) ар = + $3 $) on the opposite wall ofthe camera) is the sumof 
5 2 2 its geometrical spread and the spread due to 
18. A beam of unpolarised light of intensity I, is diffraction. The spot would then have its 
passed through a polaroid Aand then through minimum size (say bnin) When : [2016] 
another polaroid B which is oriented so that its () а= алаһа = AXE 
principal plane makes an angle of 45° relative to b^ 
that of A. The intensity of the emergent light is O) а= Land din = VAL 
12013] L 
(a) 1 (b 12 "a NP 
© W4 (0 108 © and nin ES 
19. Two coherent point sources S, and S, are 
separated by a small distance 'd' as shown. The (ф) а= andi, = (= 
fringes obtained on the screen will be [2013] 
23. In a Young's double slit experiment, slits are 


«4» 
5, 5, Screen 
*«—— ——— р 

(a) points (b) straight lines 


(c) semi-cireles (d) concentric circles 


separated by 0.5 mm, and the screen is placed 
150 ст away. A beam of light consisting of two 
wavelengths, 650 nm and 520 nm, is used to 
obtain interference fringes on the screen. The 
least distance from the common central maximum 
tothe point where the bright fringes due to both 
the wavelengths coincide is : 12017] 
(а) 975mm (b) 15.6mm 

(с) 156mm (d) 78mm 
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Unpolarized light of intensity 1 passes through 
an ideal polarizer A. Another indentical polarizer 
B is placed behind A. The intensity of light 


: 1 
beyond В is found to be —. Now another 
identical polarizer C is placed between A and B. 
The intensity beyond B is now found to be 1. 

8 


Theangle between polarizer A and C is: 
12018] 

(a) Ф (b 30° 

(c) 45° (4) 6 

The angular width of the central maximum in a 

single slit diffraction pattern is 60°. The width 

of the slit is 1 pm, The slit is illuminated by 

monochromatic plane waves. If another slit of 

same width is made near it, Young's fringes сап 

be observed on a screen placed at a distance 50 

cm from the slits, Ifthe observed fringe width is 

1 em, what is slit separation distance? 

(ie. distance between the centres of cach slit.) 
12018] 

(a) 25um (b) 50um 

(с) 75pm (d) 100um 

Two coherent sources produce waves of different 

intensities which interfere. After interference, the 

ratio of the maximum intensity to the minimum 

intensity is 16, The intensity of the waves are in 


theratio: 12019] 
(а) 16:9 (b) 25:9 
© 4:1 (d) 5:3 


Consider a tank made of glass (refractive index 
1.5) with a thick bottom. It is filled with a liquid 
of refractive index р. A student finds that, 
irrespective of what the incident angle i (see 
figure) is for a beam of light entering the liquid, 
the light reflected from the liquid glass interface 
is never completely polarized. For this to happen, 
the minimum value of p is: 12019] 
і 


28. 


29. 


30. 


Ё 
o 5 e 


OR @ з 


The figure shows a Young’s double slit 
experimental setup. It is observed that when a 
thin transparent sheet of thickness t and 
refractive index p is put in front of one of the 
slits, the central maximum gets shifted by a 
distance equal to n fringe widths. If the 
wavelength of light used is 2, ¢ will be: [2019] 


A it Screen 


ЁОЛ тэ. 
0) a- 0) -D 
Di. 213. 
© ат) @ е2) 


A polarizer - analyser set is adjusted such that 
the intensity of light coming out of the analyser 
is just 10% of the original intensity. Assuming 
that the polarizer - analyser set does not absorb 
any light, the angle by which the analyser need 
to be rotated further to reduce the output 


intensity to be zero, is: 12020] 
(а) 71.6 (b) 184° 
© 9» (d) 45 


Visible light of wavelength 6000 х 10 * ст falls 
normally on a single slit and produces a 
diffraction pattern. It is found that the second 
diffraction minimum is at 60° from the central 
maximum. If the first minimum is produced at 


0,. then 0, is close to: 12020] 
(а) 20° (5) 30° 
(c) 25 (d) 45 
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Answer Key 


13 14 | 15 


i TEE [ЖЖ БУШ ШТ Eo 
(d) | (d) | (b) | (4) | (a) | (b) 
16 | 17 | 18 | 19 | 20 | 21 


(d) 


(b) 


(4) 


С Solutions 


To demonstrate the phenomenon of 
interference we require two sources of 
light which emit radiation of same 
frequency and having a definite phase 
relationship (a phase relationship that does 
not change with time) 

From the Brewster's law, angle of 
incidence for total polarization is given by 
тапб=п 

= 0=tan!n 

Where л is the refractive index of the 
glass. 

For constructive interference path 
difference (As sin Ө < 1) 

dsin 0= nh 

Given d - 2. 


+. 2h sin Ө = ji => sind=— 


n=0,1,-1,2, 
possible. 

The light passing through the slits inter- 
fere and produce dark and bright band one 
screen. The shape of interference fringes 
formed on a screen in case of a monochro- 
matic source is a straight line. 


2 hence five maxima аге 


(b) 


When the slit width is doubled, the ampli- 
tude ofthe wave at the centre of the screen 
is doubled, so the intensity at the centre 
is increased by a factor 4 
From the law of Malus, / = 1) 
When an unpolarised light is converted 
into plane polarised light by passing 
through polariod, its intensity become 
һай. 


©. Intensityof polarized light = 


= Intensity of untransmitted fan 


@ For path difference of A, the phase 
difference is 27 


For path difference of A the phase 
difference is 
2лхА/6 л 
X 53 
Resultant intensity 


12115 24h 1; co 


: HAE 


For two identical source, /, 
then 17 37 


= (01-45) 


Maximum resultant intensit 
-(УГ-4Г) -(24Г) 24r 
3 


T (say) 


T 4 


max 


ЕВНАТЕ SOLUTION 


The intensity of light at any point of the 
screen where the phase difference due to light 
coming from the two slits is $ is given by 


со? (5) 


Where [ois the maximum intensity. 
B MOTE This formula I is when 1, 


I 
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з (d 
9» b 
10. 0) 
п. @ 
1. (а) 
13. 0 


The electron beam will be diffracted and 
the maxima is obtained at y=0. 


Also, the diffraction pattern, should be 
wider than the slit width. 
Let 2. be the wavelength of unknown light. 
Third bright fringe of known light coincides 
with the 4th bright fringe of the unknown 
light. 

Sun. 

d а 

. 3690D 40) 
"d d 


4.0 


>= Žxs90= 442.5 пт 


When light beam is moving and as it enters 
the medium, the refractive index will 
decrease from the axis towards the 
periphery of the beam. 

Therefore, the beam will conver less 
distance as one move from the axis to the 
periphery and hence the beam will 
converge. 


Initially the parallel beam is cylindrical, 
Therefore, the wavefront will be planar. 
The speed of light (v) in a medium of 
refractive index (и) is given by 


u=<, where c is the speed of light in 
3 


Жыш 
e dT 
УГ noti) 

As 118 decreasing with increasing radius, 
it is maximum on the axis of the beam. 
Therefore, v is minimum on the axis of the 
beam. 

A phase change cf гай appears when ће 
ray reflects at the glass-air interface. As а 
result, there will be a destructive 
interference at the centre. So, the centre of 
the inter ference pattern is dark. 


14. 


15. 


16. 


@) 


@) 


(5) 


Physics 


Path difference at P Ax, =0 
Phase difference at P will be 


I 


2n 
=—x0 


A 


=0° 
Resultant Intensity at P 
1, = Io + lo + 2o cos0° = 4I 
Path difference at О 

X 


4 
Phase difference at О 


nm A 
X А 
Resultant intensity at О. 


= Ig Io +21, cos 


Ts, 4-402 
Lh 2h | 

For coherent sources, intensity at mid 

point 

li &(atay 

51% (2а)? 

For incoherent sources, intensity of mid 

point is 

1,24? 


When viewed through а polaroid which 
is rotated then the light from a clear blue 
portion of the sky shows a rise and fall of 
intensity. The light coming from the sky 
is polarised due to scattering of sunlight 
by particles in the atmosphere. 

Incident sunlight 


(unpolarised) 


Sun 


Scattered light 
(polarised) 


to observer 
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17. (d) Leta, be the amplitude of light from first 
slit and a, be the amplitude of light from 


second slit. 

a, =a, Then aj 7 2a 

Intensity Z æ (amplitude)? 
һ=а?= 

ij = 4a? = AL 

ар + ay? + 2aya, cos à 


= h +h *2 411 cos 
1,= I +41, +2441? cos 
=> 1,751 +41, cosh 
Now, бах = (а + 43)" = (a+ 2a 
1 


max 


1, 


n> h= 


9 
Substituting in equation (1) 


Sys | Anas 
9 


5 2-4] 


ева? H 


18. (с) Relation between intensities 


ias B 


(unpolarised), 


To Io | 
1, -(“) 45°) = Oy —= 
м. соз? (459) x 


19. (d) Itwill be concentric circles. 


20. (d) According to malus law, intensity of 


emerging beam is given by, 


T= 1усоз?Ө 
Now, Lp = 108230" 
| cos^60* 


21. 


22. 


23. 


24. 


«@ sin0- 


0.25 
25 


Resolving power = 


2usind 
@ Given geometrical spread =a 
риа 1 А 
аа 


The sum baar 


a 
For bto be minimum 


bmin= ҮМ +. = NL = VIL 


(d) For common maxima, 
m _ hy _520х10° 4 
650x107 5 


=650пт 


x650x10 x1.5 


or, 
0.5x10 


(c) Axis of transmission of A & B are parallel. 


PolariserA — Polariser B 


— 
1 12 12 


After introducing polariser C between A 
and B, 


PolariserA — Polariser C Polariser B. 


» > 2 » 
n 12Cosü V2Cos'6 
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25. (a) 


26. 0) 


27. 0) 


d 
хр 
сй 


: Fringe width, B= 


d 50x10? _ 10x50x10? 
d 2xd' 
Therefore, slit separation distance, 
d'-25um 


107 


Tmax 


1 
Tin 1 Ч 
1-1 
| b | 


=16 (given) 


ю 
e|" 


For i= 90° at air liquid interface we have by 
Snell’s law 
sin90° D: 1 
=—— s sinr=— 
sinr н 


According to Brewster's law, refractive in- 
dex of liquid (p) is equal to tangent of 
polarising angle 


Here sin r< sin i, 


05205) 


Physics 


1.5 


Aeg +(1.5)* 
or, Ju? (L5)! <1.5хи 


= н?+(1.5)?< (их 1.5? 
ie. minimum 


value of p should be 


28. (None) Shift = nf (given) 


эмн 2o] 


a 


ш. 


or t= 
(8-1) 


29. (b) According to question, the intensity of 


light coming out of the analyser is just 10% 
of the original intensity (7) 


Using, / — Iycos? 0 


Ty 2 1 2 
+0 = [o cos 0 = — - cos? 0 
= jpn Er] 


1 


ә cos0= Fe = 0316 0271.6" 


Therefore, the angle by which the analyser 
need to be rotated further to reduced the 
output intensity to be zero 

= 90° -0-90* —71.6^ = 18.4° 

Given, 2.— 6000 x 10-5 ст 

Second diffraction minimum at 609 i.e., Ө, 
=60° 7 
Using, d sin 0 = л). 

dsin Ө, = 2). (for 2nd minima) 

= dsin60°=2r 


= dx 2 E 


x 43 
А233 

а 4 
For first minima, 


dsin0, = 


=> sin®, = м. 0.43 = 0, <30° 


А. 
Hence closest option, 0, 525” 
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Dual Nature of 
Radiation and 


Matter 


Sodium and copper have work functions2.3eV 5, 


and 4.5 eV respectively. Then the ratio of the 


wavelengths is nearest to 12002] 
@) 1:2 (b 4:1 
(с) 2:1 (d 1:4 


Formation of covalent bonds in compounds 
exhibits 12002] 

(а) wave nature of electron 

(b) particle nature of electron 

(c) both wave and particle nature of electron 

(d) none of these 

Two identical photocathodes receive light of 


frequencies f; and f. Ifthe velocitesofthephoto 6. 


electrons (of mass m ) coming out are 


respectively v, and vz, then 12003] 


2h. 
SU th) 
т 


2h 1/2 
-[5- 5] 
m 


A radiation of energy E falls normally on a 
perfectly reflecting surface. The momentum 


transferred to the surface is 12004] 
@ Ec (b) 2E/c 
© Ele @ El? 


2 


According to Einstein’s photoelectric equation, 
the plot of the kinetic energy of the emitted photo 
electrons from a metal vs the frequency, of the 
incident radiation gives a straight line whose 
slope 12004] 
(а) depends both on the intensity of the 
radiation and the metal used 
12 


(c) depends on the nature of the metal used 


depends on the intensity of the radiation 


(d) isthe same fortheall metals and independent 
of the intensity of the radiation 

The work function of a substance is 4.0 eV. The 

longest wavelength of light that can cause 

photoelectron emission from this substance is 


approximately 12004] 
(a) 310nm (b) 400nm 
(c) 540nm (d) 220nm 


A photocell is illuminated bya small bright source 
placed 1 m away. When the same source of light 
is placed in away, the number of electrons 
emitted by photocathode would 12005] 
(a) increase by a factor of 4 
(b) decrease by a factor of 4 
(c) increase by a factor of 2 


(d) decrease by a factor of 2 
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If the kinetic energy ofa free electron doubles, 
it's deBroglie wavelength changes by the factor 
[2005] 


(a) 2 


The threshold frequency for a metallic surface 
corresponds to an energy of 6.2 eV and the 
stopping potential for a radiation incident on 
this surface is 5 V. The incident radiation lies in 

12006] 


(a) 
(b) 
(c) 
(d) 
The time taken by a photoelectron to come out 
after the photon strikes is approximately 
[2006] 


ultra-violet region 
infra-red region 
visible region 
X-ray region 


(а) 104s (b) 107195 

(с) 10-165 (d) 10718 

The anode voltage оГа photocell is kept fixed. 
The wavelength 2. of the light falling on the 
cathode is gradually changed. The plate current 
T ofthe photocell varies as follows — [2006] 


(а) т 


о À 
e) 1 
о X 
T 
(e) 
о A 


12. 


(9 


о A 
Photon of frequency v has a momentum 
associated with it. If c is the velocityof light, the 


momentum is 12007] 
(8) hv/c (b) vic 
© hve (d) hv/c? 


Directions: Question No. 13 and 14 аге based on the 
following paragraph. 

Wave property of electrons implies that they will show 
diffraction effects. Davisson and Germer demonstrated 
this by diffracting electrons from crystals. The law 
governing the diffraction from a crystal is obtained 


by 


requiring that electron waves reflected from the 


planes of atoms in a crystal interfere constructively 
(see figure). 


Inco 
лсо, 
Е Тестот 


Crystal plane 


13. Electrons accelerated by potential V are 
diffracted froma crystal. Ifd — 1А andi - 30*, V 
should be about 12008] 
(h=6.6 x 10734 Js, m, 79.1 x 103 kg, e= 1.6 
x10-19C) 

(a) 2000V (b) 50У 
(c) sov (d) 1000V 
14. Ifa strong diffraction peak is observed when 


electrons are incident at an angle “7 from the 
normal to the crystal planes with distance “07 
between them (see figure), de Broglie wavelength 
Aan of electrons can be calculated by the 
relationship (7 is an integer) 12008] 
(а) dsin (b) 2d cos i=nhgy 

(c) 2dsini-mA;y (d) dcos 


27 


= тав 
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The surface of a metal is illuminted with the 

light of 400 nm. The kinetic energy of the 

ejected photoelectrons was found to be 1.68 

eV. The work function of the metal is :[2009] 

(he = 1240 eV.nm) 

(а) 141 еу (b) 1.51 еу 

(с) 1.68 eV (d) 3.09 eV 

Question (16-18) has Statement — 1 and 

Statement — 2. Of the four choices given after 

the statements, choose the one that best 

describes these two statements. 

(a) Statement -1 is true, Statement -2 is true ; 
Statement -2 is the correct explanation of 
Statement -1. 

(b) Statement -1 is true, Statement -2 is true; 
Statement -2 is not the correct explanation 
of Statement -1 

(c) Statement -1 is false, Statement -2 is true. 
(d) Statement -1 is true, Statement -2 is false. 
Statement -1 : When ultraviolet light is 
incident on a photocell, its stopping potential 
is Vy and the maximum kinetic energy of the 
photoelectrons is K,,,,,. When the ultraviolet 
light is replaced by X-rays, both V} and K pay 
increase. 

Statement -2 : Photoelectrons are emitted 

with speeds ranging from zero to a maximum 

value because of the range of frequencies 

present in the incident light. [2010] 

Statement — 1: A metallic surface is irradiated 

by a monochromatic light of frequency v > vg 

(the threshold frequency). The maximum 

kinetic energy and the stopping potential are 

K max and И respectively. If the frequency 

incident on the surface is doubled, both the Кү, 

and И, are also doubled. 

Statement — 2 : The maximum kinetic energy 

and the stopping potential of photoelectrons 

emitted from a surface are linearly dependent 

on the frequency of incident light. [2011] 

Statement 1: Davisson-Germer experiment 

established the wave nature of electrons. 

Statement 2 : If electrons have wave nature, 

they can interfere and show diffraction. [2012] 

The anode voltage of'a photocell is kept fixed. 

The wavelength 7. of the light falling on the 

cathode is gradually changed. The plate current 

I of the photocell varies as follows: [2013] 


20. 


21. 


(a) 


o А 


| 


(b) 


(c) : 
I 
(d) 


The radiation corresponding to 3 — 2 transition 
of hydrogen atom falls on a metal surface to 
produce photoelectrons. These electrons are 
made to enter a magnetic field of 3 х 10-4 T. If 
the radius of the largest circular path followed 
by these electrons is 10.0 mm, the work 


function of the metal is close to: [2014] 
(a) L8eV (b) LleV 
(c) 0.8 eV (d) 1.6 eV 


Match List - I (Fundamental Experiment) with 
List - П (its conclusion) and select the correct 
option from the choices given below the list: 


12015] 
14811 14-11 
Franck-Hertz (i) Particle nature of 
Experiment light 
. Photo-electric (ii) Discrete energy 


experiment levels of atom 
^. Davison-Germer |(iii) Wave nature of 
experiment. electron 
(iy) Structure of atom 


(а) (A)-(ii); (В)-0): (C)-(iii) 
(b). (A)-(iv): (B)-(iii); (C)-(ii) 
(с) (A)-(i); (B)-Gv): (C)-Gii) 
(d) (А)-(11); (B)-iv); (C)-Gii 
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22. Radiation of wavelength 2, is incident on a 
photocell. The fastest emitted electron has log A, 


23. 


3). 
speed v. If the wavelength is changed to P 


the speed of the fastest emitted electron will 
be: 12016] 


5 4 


1 1 
41 
(c) (| 


4р 
(d) < (5) 
An electron beam is accelerated by a potential 
difference V to hit a metallic target to produce 
X-rays. It produces continuous as well as 
characteristic X-rays.If А A is the smallest 
possible wavelength of X-ray in the spectrum, 
the variation of log Ain with log V is correctly 


‘min 
represented in : 12017] 
^ 
log X, 
(a) p^ 
> log V 
log ба 
(b) 
— —»log V 
log A... 
(c) 


log V 


24. 


(4) 
log V 


Surface of certain metal is first illuminated with 
light of wavelength 2., = 350 nm and then, by 
light of wavelength 2., = 540 nm. It is found that 
the maximum speed of the photo electrons in 
the two cases differ by a factor of (2) The work 
function of the metal (in eV) is close to: [2019] 


(E f phot E DU ey 
aaa o ) 


(а) 18 (b) 25 
© 56 (d 14 

The electric field of light wave is given as 
Ё = 10? cos 


( 2m элхбх10 s 
5x107 FE 


This light falls on a metal plate of work function 
2eV. The stopping potential of the photo- 
electrons is: 12019] 


12375 
Given, E (in eV) = TG AJ 
(а) 20V (b) 072V 
(c) 048 У (d) 248 V 


26. A beam of electromagnetic radiation of 


intensity 6.4 w 1075 W/cm’ is comprised of 
wavelength, . = 310 nm. It falls normally on 
a metal (work function ф = 2eV) of surface 
area of 1 ст?. If one in 10? photons ejects 
an electron, total number of electrons 
ejected in 1 s is 10". (he = 1240 eVnm, 1 eV 
= 1.6 æ 10719 J), then xi: [2020] 
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Answe 
Ч/ 8 


г Кеу 
9 


14 15 


a 4 
22 


23 


а) 


24 


1. 


2. 


(c) 


(a) 


@) 


(4) €) | © | (а) 
cC Solutions 25 
We know that work function, AE 
4. (b Momentum ofphoton of energy E is = = 
hC c 
Е= = When а photon hits a perfectly reflecting 
surface, it reflects black in opposite 
where direction with same energy and momentum. 
h= Planck's constant E (-E 
C - velocity of light х Change in momentum = c. ( Ё | - 
2.= wavelength of light ob 
Е 2) F 
: This is equal to momentum transferred to 
3 Е the surface. 
ма _ Ecu Н m 
TAE 5. (d) From the Einstein photoelectric equation 
Acu Eya 2 


Covalent bonds are formed by sharing of 
electrons with different compounds. 
Formation of covalent bond is best 
explained by molecular orbital theory. 

Let work function be Wand v, and уу be 
the velocity of electrons for frequencies f, 
and. 

Using Einstein’s photo electric equation for 
one photodiode, we get 


ын : 
M, -W «mi (i 


Using Einstein’s photo electric equation for 
another photodiode we get, 


EO 


Af; -W- 12 
Subtracting (ii) from (1) we get. 

121 2 
(hf, - W)- (hif, - W) «mv; —утуз 
А пл) fot) 


2 2 2h,, 
xd =A) 
m 


(а) 


(а) 


К.Е. = ћу ф 
Here, = work function of metal 

h= Plank's constant 
slope of graph of К.Е. & v is /r (Plank's 
constant) which is same for all metals. 
Work function of metal (9) is given by 


4x1.6x10 19 
We know that 


>) 


=310 пт 


Intensity, / с 


Alfie) 1 
hn) 4 


1, ә 4times 4 
When intensity becomes 4 times, no. of 


photoelectrons emitted would increase by 
4 times, since number of electrons emitted 
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b) 


b 


a 


per second is directly proportional to 
intensity. 


de-Broglie wavelength, 


kanen —@) 


2т 
=> m= 42m K.E 
Л 
A h 
2m K.E 
A 1 
hao 


So, if K.E. is doubled, wavelength becomes 
A 


42 

Work function, $—6.2eV — 6.2 х1.6 10-19 J 
Stopping potential, V= 5 volt 

From the Einstein's photoelectric equation 


he 
Laja 
6—60 


_ 66х10 °t x3x10* 


16x10 (62-5) 
This range lies in ultra violet range. 
The photoelectric emission is an 
instantaneous process without any 
apparent time lag. Itis known that emission 
starts in the time of the order of 10° 
second. So, the approximate time taken by 
a photoelectron to come out after the 
photon strikes is 10:79 second, 
As the wavelength 2. is increased, there will 
be a value of wavelength above which 
photoelectric current becomes zero. 
Energy of a photon of frequency vis given 


=107m 


13. 


(b) 


by E= hv. O] 
Also, E= mc? (Н) 
On equating (i) and (ii) we have 


hv 
=> me=— 
с 


hy 

> p=” 
с 

The path difference between the rays АРВ 

and CQD is 

Ах = МО + QN = dcos i + dcos i 

Ах=24совї 


4 B 


For constructive interference the path 
difference is integral multipleof wavelength 


. m.-2dcosi 
From de-broglie concept 
Wavelength, 


2meV | 
For first order interference л = 1 


Ни 


8теа" cos” i 
5 (66x10)? 

8x9.1x10 xL6x107 x (10719 xcos? 30 
=50V 


14. 


15. 


16. 


18. 


19. 


20. 


(b) 


(a) 


(4) 


(e) 


[3 


b) 
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Dual Nature of Radiation and М 


For constructive interference, 
2d cos i = a 


Wavelength of incident light, Ў. = 400 nm 
hc - 1240 eV.nm. 


К.Е = 1,68 eV 
Using Einstein's photoelectric equation 


ey. 
А 21. (a) 
2" kg 

> 

1240 
=w= 
=3.1 — 1.68 22. © 
-141су 
We know that 
ey Kye = hv c 
where, ф is the work function. 
X-rays have higher frequency (v) than 
ultraviolet rays. Therefore as v increases 
К.Е and И, both increases. 
The kinetic energy ranges from zero to 
maximum because of loss of energy due to. 
subsequent collisions before getting 23 © 
ejected. 
By Einstein photoelectric equation, 
Kay = eV = у 
When v is doubled, Kax and И, become 
more than double. 
Davisson Germer experiment showed that 24. (а) 


electron beams can undergo diffraction 
when passed through atomic crystal, This 
established wave nature of electron as 
waves can exhibit interference and 
diffraction. 

As 2. is increased, there will bea value of A 
above which photoelectrons will be cease 
to come out so photocurrent will become 
zero. Hence (d) is correct answer. 

Radius ofcircular path followed by electron. 
is given by, 


ame J2meV _1 [т 
qB © ев е 


Р-199 

DL 
> реву 

2m 
For transition between 3 to 2. 

1 13.6x5 

E= 136(4- ij- =1.88е/ 

4 9 36 1884 


Work fùnction = 1.88 eV -0.8 eV = 1,08 eV 
=1.leV 

Frank-Hertz experiment - Discrete energy 
levels of atom, Photoelectric effect - 
Particle nature of light. 

Davison - Germer experiment- wave nature 
of electron. 


E 
3 


In X-ray tube, Api 


_ fe 


=w 


In Amin =n! =). Inv 


Clearly, slope of log Apin versus log V 
graph is negative hence option (c) correctly 


depicts. 
From Einstein's photoelectric equation, 
he 
-é-clm(wy (i 
uo? s Y 20 
A б=т ту? 
ба 
Fromeqn. (i) & (ii) 
he 
x» А : 
a ga eg Me a 
Lm m 
hg 
CN 
№ М Au M 
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P-200 Physics 
= аго 2:350—м0) 7248-2 eV, 
3 350x 540 or V, = 048 V 
-18су 26. (11.00) Energy of proton 
25. (c) Here œ= 2n x 6 x 1014 
he 1240 


—f-6x10^Hz 


Wavelength 
8 
£z Ax =0.5x10 5m = 50003 
f 6x10 
Given E = 12375 5 gay 
5000 


Using E = W + eV, 


=4eV » 2eV [= d] 


310 


3 


(so emission of photoelectron will take place) 
=4 x 1.6 х 1071? = 6.4 x 107? joule 


64x10? x1 Ш 
Ax6Ax10 1? 


No. of photoelectrons emitted per second 


10^ di. 103 4 
Ж 10"! (7 Lin 108 photons ejects ап 


TES 
electron) 


2. Value of Y= 11.00 


- i 
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Atoms 


28) 


If 13.6 eV energy is required to ionize the 
hydrogen atom, then the energy required to 


remove an electron from n =218 12002] 
(а) 102eV (b) Oev 
(c) 34eV (d) 68V 
Which of the following atoms has the lowest 
ionization potential? 12003] 
m 13 
@ „М O „© 
an в 
© „Аг (d „О 


The wavelengths involved in the spectrum of 


deuterium (2) are slightly different from that 

of hydrogen spectrum, because 12003] 

(a) thesize ofthe two nuclei are different 

(b) the nuclear forces are different in the two 
cases 

(c) the masses ofthe two nuclei are different 

(d) theattraction between the electron and the 
nucleus is differernt in the two cases 

Ifthe binding energy of the electron in a hydrogen. 

atom is 13.6eV, the energy required toremove the 

electron from the first excited stateof 1477: 88 


12003] 
(а) 306cV (b) I3.6eV 
(с) 34eV (d) 1224eV 
The manifestation of band structure in solids is 
due to 12004] 


(а) Bohr’s correspondence principle 
(b) Pauli'sexclusion principle 

(c) Heisenberg's uncertainty principle 
(d) Boltzmann'slaw 


32 


The diagram shows the energy levels for an 
electron in a certain atom. Which transition 
shown represents the emission ofa photon with 
the most energy? [2005] 


(a) IV 
© її 
Which ofthe following transitions in hydrogen. 
atoms emit photons of highest frequency? 
12007] 
(à n-lton-2 (b) n-21on-6 
(с) n=6ton=2 (d) n-2ton-1 
Suppose an electron is attracted towards the 


origin by a force — where Ч is а constant and 


чу і ће distance of the electron from the origin. 
By applying Bohr model to this system, the 
radius of the лі! orbital of the electron is found 
to be ‘r,’ and the kinetic energy of the electron 
tobe ‘T’. Then which ofthe following is true? 

12008] 


@) 


© T, independent of n, rycen 


(c) T, л=п 


1 2 
O pezan? 


Р-202 


9. 


10. 


14. 
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The transition from the state л = 4 ton=3 ina 
hydrogen like atom results in ultraviolet 
radiation. Infrared radiation will be obtained in 


the transition from : [2009] 
(a) 322 (b 422 
(с) 524 (d 221 


Energy required for the electron excitation in 

Li** from the first to the third Bohr orbit is : 
12011] 

(а) 363eV (b) 1088eV 

(с) 1224су (d) 12.1eV 

Hydrogen atom is excited from ground state to 

another state with principal quantum number 

equal 104. Then the number of spectral lines in 


the emission spectra will be : 12012] 
(а) 2 (b) 3 
(с) 5 (d) 6 


Ina hydrogen likeatom electron make transition 
from an energy level with quantum number n to 
another | with quantum | number 
(n — 1). Ifn>>1, the frequency of radiation emitted 


is proportional to : 12013] 
1 1 
а) — (b) = 
п n 
1 1 
© 57 @ > 
nif n 


Hydrogen (,H!), Deuterium (,H?), singly 
ionised Helium (Hett, and doubly ionised 
lithium (;Li®)** all have one electron around the 
nucleus. Consider an electron transition from n 
=2 ton= 1. If the wavelengths of emitted 
radiation are À.,, 1, 7. and 44 respectively then 
approximately which one of the following is 
correct? [2014] 


@ 4 72A, 22, =A, 
0) 
© 


@ hy = 42, 
Asan electron makes a transition from an excited 
state to the ground state of a hydrogen - like 
atonvion : [2015] 
(a) kinetic energy decreases, potential energy 
increases but total energy remains same 


16. 


17, 


Рһуѕісѕ 


(b) kinetic energy and total energy decrease 
but potential energy increases 

(c) its kinetic energy increases but potential 
energy and total energy decrease 

(d) kinetic energy, potential energy and total 
energy decrease 


A particle A of mass m and initial velocity v 
collides with a particle B of mass Э which isat 


rest. The collision is head on, and elastic. The 
ratio of the de-Broglie wavelengths 2.4 to Ag 


after the collision is — — [2017] 
М _2 мл 

@ 5673 ® 5272 
АЫ), 

Q 5,73 


Some energy levels of a molecule are shown in 
the figure. The ratio of the wavelengths 
r= f), is given by [2017] 


(b) 


(d 7 


2 
3 


An electron from various excited states of 
hydrogen atom emit radiation to come to the 
ground state. Let 7,,, ^, be the de Broglie 
wavelength of the electron in the л? state and 
the ground state respectively. Let A,, be the 
wavelength of the emitted photon in the 
transition from the п'? state to the ground state. 
For large п, (A, B аге constants) 12018] 


B 
(a) шанг (b) А„=А+В}, 


© AIsA*BAX, (D Als 
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Atoms ғ-203 
18. Ifthe series limit frequency of the Lyman series (а) 8892nm (b) 4889nm 
iS v,, then the series limit frequency of the P- © 62.7nm (d) 3889nm 


19. 


fund series is : 12018] 
(а) 25v, (b) 16v, 
(c) v,/16 (d м/25 


Taking the wavelength of first Balmer line in 
hydrogen spectrum (7 = 3 to n = 2) as 660 nm, 
the wavelength ofthe 2" Balmer line (n —4 ton 


=2) will be; 12019] 


20. 


The time period of revolution of electron in 
its ground state orbit in a hydrogen atom is 
1.6 © 10716 s. The frequency of revolution of 
the electron in its first excited state 
(in s!) is: 12020] 
(а) 1.61014 (b) 
(с) 6.201015 (9) 


7.82 1014 
5.6.0 10!2 


Answer Key 
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7-204 

Lo (o 
2 b 
2 © 
4. (a) 


Solutions 


Physics 


cc 


25 


The energy required to remove the 
electron from the n™ orbit of hydrogen is 


givenby 
136 oy /atom 
n 

Forn=2, E, 2136 =3.4ev 


2 
Therefore the energy required to remove 
electron from лп = 2 is + 34 eV. 
lonisation potential is the minimum energy 
required to eject electron from the outer 
most orbital of an atom. As ;;С5!22 has 
larger size among the given four atoms. So 
electron present in the outermost orbit will 
beaway from nucleus and the electrostatic 
force experienced by electrons due to 
nucleus will be minimum. 

The wavelength of spectrum is given by 


1.097 х107 


where R= 


where m = mass of electron 
M= mass of nucleus. 

Thus, wavelength inyolved in the spectrum 
of hudrogen like atom depends upon 
masses of nucleus. The mass number of 
hydrogen and deuterium is 1 and 2 
respectively, so spectrum of deuterium 
will be different from hydrogen. 

Energy for hudrogen like atom is 


n= orbital quantum number 
For lithium ion Z = 3; n = 2 (for first 
excited state) 


5. 


[2] 


b) 


(а) 


Тһе electronic configuration of number of 
subshells existing in a shell and number 
of electrons entering each subshell can be 
found by Pauli’s exclusion principle. 
Hence, on the basis of Pauli’s exclusion 
principle, the manifestation of band 
structure in solids can be explained, 
Eenrgy of radiation that corresponds to 
energy difference between two energy 
levels п and ny is given as 


(1 1) 
„Eaj —-— 
DTE 


E will be maximum for the transition for 


which | | 
" 


is the higher energy level. 


| is maximum. Here л, 


1 


Clearly, | is maximum for the 
n? ny 

third transition, i.e., 2 — 1. I transition is 
showing the absorption of energy. 

We have to find the frequency of emitted 
photons. For emission of photons 
electron should makes a transition from 
higher energy level to lower energy level. 
зо, option (а) and (b) are incorrect. 


Frequency of emitted photon is given by 


hy =-13.6 2-1) 
nm пў 


For transition from n = 6 to n= 2, 


21535251 
hie 2) 9\ h 


For transition from n = 2 ton 


v= 
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Atoms P-205 
8. (b) Given, The possible number of the spectral lines 
k from a state л to ground state is 
Centripetal force 7. man-Y _ 44-1) _ 6 
a 74 Qu 56 
Then 12. (d) AE- v 
ту? _АЕ_[_1 1] kQn-D 
h 
=> k-mv 
1 z 1 
=> Т= gu - gt 
Tn is independent of n 
Also, 
nh 
Angular momentum, L= 55 
Ойг жаш Е 
= тту 5 C ети) By question л = 1 and лу =2 
Then, 4, 745 7 444 794 
14. (c) Kinetic energy of electron is 
E 2 
zy 
K.E. œ (2) 
Clearly, r, n N 
апуу T When the electron makes transition from 
9. (c) ltisgiven that transition from the state n= excited state to ground state, then n 
4ton=3 ina hydrogen like аш ари increases and kinetic energy increases. 
ultraviolet radiation. For infrared radiation. _ 
Total energy =— KE 
2. Total energy also decreases. 
| should be 18 ЫТНЄ only Potential energy is lowest for ground state. 
option is 54. | т 
15. (d) From question, m, =m; m7 y 
Increasing 
Energy иүзи ир=0 


10. (b) Energyofexcitation (AE) is 
(2-4 ev 
АР-13622 0756 
11 
=> ЛЕ= 13.6(3)2 £x =108.Ве/ 
1l. (d) For ground state, the principal quantum 


no. (n) = 1. Principal quantum number 4 
belongs to 3rd excited state. 


Let after collision velocity of A = v, and 
velocity of B = v; 


Applying law of conservation of 
momentum, 


m 
mu=my, + * vs 
or, 2u=2v + v wali) 


By law of collision 
Е 

и-0 
onu-vy- Y, 


e- 


L- collision is elastic, e= 1] 
using eqns (i) and (ii) 
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” 4 As we know, 
v» 73 and V2 =z" 


18. (d) 


m 
16. (b) From energy level diagram, using AE= Эс 


For wavelength 24 


E 


19. 0) 


17. (а) Wavelength of emitted photon from n'* 


state to the ground state, 


95 = Š 5660-4488 Өв, 


7108 1 108 
20. (b) For first excited state ' = 


Since n is very large, using binomial 


theorem 
1 1 
Mags) =8T,=8 «1.6% 10-16; 
І 1 
2 Frequency, у=. 
— UEM "TR SxL6xI0 15 
RET 78x10 He 
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Nuclei 


At a specific instant emission of radioactive 
compound is deflected in а magnetic field. The 
compound can emit 


(i) electrons (i) protons 


(iii) He?* (iv) neutrons 

The emission at instant can be 12002] 
(a) i, ii, iii (b) 1 idv 

(c) iv (d) ii, iii 


If Np is the original mass of the substance of 
half-life period үл = 5 years, then the amount 


of substance left after 15 years is [2002] 
(а) Ny8 (b) №16 
(с) Ny2 (d) №4 


When a 17235 nucleus originally at rest, decays 
by emitting an alpha particle having a speed ч”, 
the recoil speed of the residual nucleus is 


12003] 
(а) ^^ (5 
238 
© 24 @ 
234 


А radioactive sample at any instant has its 
disintegration rate 5000 disintegrations per 
minute. After 5 minutes, the rate is 1250 
disintegrations per minute. Then, the decay 


constant (per minute) is 12003] 
(а) 04102 (b) 022 
(©) 0.1102 (d) 082 


А nucleus with Z- 92 emits the following in a 
sequence: 

a, В.В aa, aa, a, В.В ,а,В',В',а 

Then 2 ofthe resulting nucleus is 12003] 
(a) 76 (b 78 (с Ю (d) 74 


9. 


3d 


Which of the following cannot be emitted by 

radioactive substances during their decay? 
12003] 

(a) Protons (b) Neutrinoes 

(c) Heliumnuclei (d) Electrons 

In the nuclear fusion reaction 

2н + iH => iHe *n 

given that the repulsive potential energy 

between the two nuclei is ~ 7.7 х 10714 J, the 

temperature at which the gases must be heated 

to initiate the reaction is nearly 

[Boltzmann's Constant k= 1.38 х 10723 J/K] 
12003] 


(а) 107К (b) 105K 
(c) 10K (d) 109K 
А nucleus disintegrated into two nuclear parts 
which have their velocities in the ratio of2 : 1. 


The ratio oftheir nuclear sizes willbe [2004] 
(а) 35:1 (b) 1:213 
(c) 2!33 (d 13% 


The binding energy per nucleon of deuteron 


(2н) and helium nucleus (ёне) is 1.1 MeV 


and 7 MeV respectively. If two deuteron nuclei 
react to form a single helium nucleus, then the 


energy released is 12004] 
(а) 23.6MeV (b) 26.9MeV 
(c) 13.9MeV (d) 19.2MeV 


If radius of the 27 АІ nucleus is estimated to be 
3.6 fermi then the radius of Te. nucleus be 


nearly [2005] 
(a) 8 fermi (b) 6 fermi 
(c) Sfermi (d) 4fermi 


Р-208 


п. 


14. 


15. 
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Starting with a sample of pure Cy, 7. of it 
decays into Zn in 15 minutes. The corresponding 
halflife is 12005] 


(a) 15minutes | (b) 10minutes 
() 7l minutes (4) 5minutes 


The intensity of gamma radiation from a given 
source is I. On passing through 36 mm of lead, it 


isreduced to L The thickness of lead which will 


reduce the intensity wt will be 12005] 
(а) 9mm (b) 6mm 
(с) 12mm (d) 18mm 


A nuclear transformation is denoted by X (n, a ) 
JLi. Which of the following is the nucleus of 


element X? 12005] 
@ PB (b PC, 
б Be (d) $B 


When Li? nuclei are bombarded by protons, 
and the resultant nuclei аге ,Be*, the emitted 
particles will be 12006] 
(а) alphaparticles (b) beta particles 

(c) gammaphotons (d) neutrons 

The energy spectrum of B-particles [number N(E) 
as a function of В-спегру E] emitted from а 


radioactive source is 12006] 


(а) Ne 
P$. 

(b) Ne» (77 
Ls 


(c) NE) 


17, 


18. 


19. 


20. 


Physics 


(d) Ne) 


E 


E 


If the binding energy per nucleon in 711 and 
4He nuclei are 5.60 MeV and 7.06 MeV 
respectively, then in the reaction 
p+ JLi — 2 Не 

energy of proton must be 
(а) 2824MeV (Б) 1728MeV 
(c) 146MeV (d) 392MeV 
The 'rad' is the correct unit used to report the 
measurement of 12006] 
(a) theability ofa beam of gamma ray photons 

to produce ions in a target 
(b) theenergy delivered by radiation to a target. 
(c) the biological effect of radiation 
(d) the rate of decay of a radioactive source 


12006] 


If Mo is the mass of an oxygen isotope ,O!7, 

Mp and My are the masses of a proton and a 

neutron respectively, the nuclear binding energy 

of the isotope is 12007] 

(а) (Mg- 17M)? 

(b) (M5-8Mp)c? 

(с) (Mo-8Mp-9My)c? 

(4) Мос? 

In gamma ray emission from a nucleus. [2007] 

(а) only the proton number changes 

(b) both the neutron number and the proton 
number change 

(c) there is no change in the proton number 
and the neutron number 

(d) only the neutron number changes 

The half-life period ofa radio-active element X 

is same as the mean life time of another radio- 

active element Y. Initially they have the same 

number of atoms. Then 12007] 

(a) Хаш Y decay at same rate always 

(b) Xwill decay faster than Y 

(c) Ywill decay faster than X 

(d) Xand Y have same decay rate initially 


Nuclei 


21. 


22. 
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P-209 


This question contains Statement-1 and 
statement-2. Of the four choices given after the 
statements, choose the one that best describes 
the two statements. 12008] 


Statement-1: 

Energy is released when heavy nuclei undergo 

fission or light nuclei undergo fusion and 

Statement-2 : 

For heavy nuclei, binding energy per nucleon 

increases with increasing Z while for light nuclei 

it decreases with increasing Z. 

(a) Statement-1 is false, Statement-2 is true 

(b) Statement-1 is true, Statement-2 is true; 
Statement-2 is a correct explanation for 
Statement-1 

(c) Statement-1 is true, Statement-2 is true; 
Statement- is not a correct explanation for 
Statement-1 

(d) Statement-l is true, Statement-2 is false 


M 


The above is a plot of binding energy per 
nucleon E,, against the nuclear mass M; А, B, 
C, D, E, F correspond to different nuclei. 
Consider four reactions : 12009] 


() A+B>Cte 
(i) C—4-B-c 
(ii) D+ E> F-zand 
(iv) F>D+E+e, 


where в is the energy released? In which 
reactions is s positive? 


(a) (апа) | (5) (аа) 
(c) (апай) (9) G)and(v) 


DIRECTIONS: Questions number 23-24 are based on 
the following paragraph. 


A nucleus of mass М + Am is at rest and decays 


23. 


24. 


26. 


27. 


M 
into two daughter nuclei of equal mass — each. 
Speed of light is с. 
The binding energy per nucleon for the parent 
nucleus is E, and that for the daughter nuclei is 


Ey, Then 12010] 

@) E,-2E, à) EE, 

© Б> (d) E,-2E, 

The speed of daughter nucleiis 2 [2010] 
Am 2Am 

O curai ВО ү м 


(c) 


@ e Am 
VM Am 


A radioactive nucleus (initial mass number 4 and 
atomic number Z emits 3 a-particles and 2 
positrons. The ratio of number of neutrons to 
that of protons in the final nucleus will be 


12010] 


A-Z-4 
2-8 


(b) 


The half life of a radioactive substance is 20 
minutes. The approximate time interval (1, —/,) 


2 
between the time / when = of it had decayed 


1 
and time /| when ET of it had decayed 


is: [2011] 
(а) 14min (b) 20min 
(c) 28min (d) 7min 


After absorbing a slowly moving neutron of mass 
my (momentum = 0) a nucleus of mass M breaks 
into two nuclei of masses тү and 5m, (6m, = M 
+ my) respectively, Ifthe de Broglie wavelength 
of the nucleus with mass т is À, the de Broglie 
wavelength of the nucleus will be — 2011 

Qa (b X5 () X (@ф 2%. 
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P-210 Physics 
28. Statement - 1 : A nucleus having energy E, 30. Half-lives of two radioactive elements A and B 
decays by P~ emission to daughter nucleus are 20 minutes and 40 minutes, respectively. 
having energy ЕЁ, but the [7 rays are emitted Initially, the samples have equal number of 
with a continuous energy spectrum having end nuclei. Айсг 80 minutes, the ratio of decayed 
point energy E, — Ey. number of A and B nuclei will be: — [2016] 
Statement - 2 : To conserve energy and (a) Hee m 2 
momentum іп [- decay at least three particles (y pe @ al 4 
must takepart in the transformation. [2011 RS] 31. A radioactive nucleus A with a half life T, decays 
й i into a nucleus B. At / = 0, there is no nucleus В. 
@ а is correct but statement-2 is At sometime t, the ratio of the number of B to that 
not correct. i НЭР 
of A is 0.3. Then, / is given b 2017] 
(b) Statement-1 and statement-2 both are Ч y ! 1 
correct and statement-2 is the correct _ 
(a) 1=T log (13) (b) f= 
explanation of statement-1. 5 log(1.3) 
(c) Statement-l is correct, statement-2 is log2 1081.3 
ene and VE is not the correct © 0813 log2 
xplanati tati t-1 
энээ mck in 31. Asampleof radioactive material А, that has an 


29. 


(d) Statement-l is incorrect, statement-2 is 
correct. 

Assume that a neutron breaks intoa proton and 

an electron. The energy released during this 

process is : (mass of neutron = 1.6725 х 10:27 

kg, mass of proton = 1.6725 х 10 27 kg, mass of 


electron =9 х 10-3 kg). 12012] 
(a) 0.51 MeV (b) 7.10MeV. 
(c) 630MeV (d) 54MeV 


activity of 10 mCi (1 Ci = 3.7 x 1070 decays/s), 
has twice the number of nuclei аз another 
sampleofa different radioactive material B which 
has an acitvity of 20 mCi. The correct choices 
for half-lives of A and B would then be 
respectively: 12019] 
(a) 5 days and 10 days 

(b) 10 days and 40 days 

(c) 20 days and 5 days 

(d) 20 days and 10 days 


Answer Key 


Solutions 


(а) Charged particles are deflected in magnetic 
field. Electrons, protons and He?* all are 
charged species. Hence, correct option is 
(a). 

(a) After every half-life, the mass of the 
substance reduces to half its initial value. 

Syeus № 2 


No — T 
2 


Syears 


r$ AITERNATE SOLUTION 
Let No is the initial amount of substance 
and N is the amount left after decay. 
15 
5 


t 
Number of half lives п = т = 3 
12 


Nuclei 
з (qo 
4 (a) 
5 b 
6. (a) 
7. @ 
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Р-211 


We know that. 


1)" IP ON 
N- x(1) -«(1) = з 


Mass of a particle, m, 7 4 u 
Mass of nucleus after fission, m, = 234и 
From conservation of linear momentum we 
have 

238% 0=4u+234y 


‚ Speed =| ru 


Initial activity, А, = 5000 disintegration per 
minute 

Activity after 5 min, А = 1250 disintegration 
per minute 

A-A M 


MES 
A 


1 5000 
ilo 


5 Fe 1250 


А 
= 5100,2= 04log, 2 


The number of a-particles released = 8 
Decrease in atomic number = 8 x 2 = 16 
The number of fj. -particles released = 4 
Increase in atomic number =4 х 1 = 
Also the number of В? particles released is 
2, which should decrease the atomic 
number by 2. 

Therefore the final atomic number of 
resulting nucleus 

= Z-16*4-2- 7-14 

=92-14=78 

The radioactive substances emit о - 
particles (Helium nucleus), D-particles 
(electrons) and neutrinoes. Protons cannot 
be emitted by radioactive substanci 
during their decay. 

The average kinetic energy per molecule 
at temperature T is. 


8& b 
9. @ 
10. (5 


Where k= Boltzmann's constant 
This kinetic energy should be able to 
provide the repulsive potential energy 


2 Зат-ллхи Ч 
2 


2x7.7«10 4 
3х138х107 


>T= =3.7x10°K 


Given: 
n.2 
"mn 

From conservation of momentum 


Шин 


1 
2 


We know that mass of nucleus, m ж A 
Nuclear size R ос А 1/3 m3 


13 
See) 
В, (т 


“ЇЇ 


The chemical reaction of process is 


27H > iHe 
Binding energy of two deuterons, 
4% 1.1=4.4MeV 


Binding energy of helium nucleus=4 x 7— 
28MeV 


Energyreleased =28—4.4=23.6 MeV 
Radius of a nucleus, 
R= Ву(А)!'? 
Here, Rọ is a constant 
A= atomic mass number 
1/3 
R (A) (2) 3-3 
UR MA) ES 
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P-212 Physics 
Tl. (d) Itisgiven that Dividing (i) by (ii), 
7 of Cu decays in 15 minutes. 1 1 
8 36 к) эь (1) 36 
7. Cu left undecayed is d m уйду 9483 
3 ю(3) з) 
т (1 Е 2 
юэ eges] =12mm 
A 1 7 4 
л, No. ofhalflifes = 3 13. (а) 2X" «on —>;Li + He 
Using conservation of mass number 
А+1=4+7 
=A=10 
Using conservation of charge number 
2+0=2+3 
2—5 
-» T=halflife period = It is boron ;В!0 
ALTERNATE SOLUTION 14. © JLi + jp —> {Ве + fy 
N=Ng(1-e™) We see that both proton number and mass 
No Ё7 i a number are equal in both sides, so emitted 
=> e ЭВЭР à 
No 8 particle should be massless gamma 
photons. 
31n2-Mor 1. -2X9693. V 1386 15. (c) Therangeofenergy of f-particles is from 
zeroto some maximum value. 
Half-lifeperiod, 16. (b Given, 
0.693 0.693 : Binding energy per nucleon of {Li = 5.60 
225 -5minutes MeV 
X 0.1386 2 
12. (c) Let intensity of gamma radiation from Binding energy per nucleon of 3He — 7.06 
source be Ig. MeV : 
Let E be the energy of proton, then 
Intensity J = 106759 Е+7х5.6=2х[4х7.06] 
Where d is the thickness of lead. = Е 5648-392 -1728MeV 
Applying logarithm on both sides, 17. (c) The risk posed to a human being by any 
radiation exposure depends partly upon 
-pd = tos (1) the absorbed dose, the amount of energy 
(2) absorbed per gram of tissue. Absorbed 
dose is expressed in rad. Thus, it is used to. 
Fac dc танау D report biological effect of radiation. 
8 18. (c) Number of protons in oxygen isotope, Z— 8 


Ai) 


[1x36 = “21. 


For intensity //2, thickness = d 


LI 
1 


аав 


Number of neutrons = 17 -8=9 
Binding energy 

= [ZMp + (A - ZMy - M]? 
8Mp * (17- 8)My - M]? 
=[8Mp + 9My = M]? 

= [8M + 9My — M,]c? 


Nuclei 


19. 


20. 


21. 


22. 


© 


© 
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ғ-213 
From the law ofconservation of momentum 
There is no change in the proton numberand "nere 
the neutron number as the y-emission takes (M+ Am) x0= DL, M ху, 
place as a result of excitation or de-excitation 2 2 7 
of nuclei. y-rays have no charge or mass. 925 
Let ày and л. be the decay constant of X 1(M) 2,1 
and Y Now Q775( 5)" + 
Half life of X, = average life of Y (M+ Am) (07° 
Туз = Tav wii) 
= 9.693 1 From equation (i) and (ii), we get 
My M)\ 2 2 
= hy = (0.693).2.; 2)" x 5 
^x € y. Г 
Now, the rate of decay is given by эм? = ын 
ау 
42) =hyNo By л 
Р 
ЁС гүм 
49) -Х No 25. (b) When a radioactive nucleus emits 1 a- 


As the rate of decay is directly proportional 
to decay constant, Y will decay faster than X. 
We know that energy is released when 
heavy nuclei undergo fission or light nuclei 
undergo fusion. Therefore statement (1) is 
correct. 

The second statement is false because for 
heavy nuclei the binding energy per 
nucleon decreases with increasing 7 and 
for light nuclei, B.E/nucleon increases with 
increasing Z. 

For А + B — C+ 6, c is positive. This is 
because binding energy for C is greater 
than the binding energy for 4 and B. 
Again for F> D+ E +s, 8 is positive. This 
is because binding energy for D and E is 
greater than binding energy for F. 

In nuclear fission, the binding energy per 
nucleon of daughter nuclei is always 
greater than the parent nucleus. 


Massdefect, AM= 22 (= | 


=[M+Am-M]=Am 
Energy released, Q= AMc? = Amc? ...(i) 


particle, the mass number decreases by 4 
units and atomic number decreases by 2 
units, When a radioactive nucleus emits 1 
positron the atomic number decreases by 
1 unit but mass number remai: 
~<. Mass number of final nucleus = 
Atomic number of final nucleus = 7—8 

2. Number of neutrons, №, =(А - 12) -(Z- 8) 

-А-2-4 

Number of protons, N, = 7—8 


Re ed rati N, 
2. Required ratio = 
q N, 


26. (0) Numberofundecayed atom after time 1, ; 


N T " 
этме”? К) 


Number of undecayed atom after time /|; 


= Ме?! Ai) 
Dividing (ii) by (i), we get 


22000) 


(©) Initial momentum of system, p; = 0 


Let p, and p, be the momentum of broken 
nuclei of masses т and Sm, respectively. 
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P-214 Physics 
мэ nuclei decayed 
From the conservation of momentum =M —No 
= ? 
P,=P; 
0=p +P, il 
* 16 
B,7-P, "Required ratio = V. XLI 
From de Broglie relation, wavelength Е 4 
a _15 4 5 
Pi 16 3 4 
31. (d) Let initially there are total Ny number of 
nuclei 
At time t 
ШУ 
dy = hy =A N, 
28. (b) Statement-1: A nucleus having energy E} 
decays by B- emission to daughter nucleus 
having energy E, then P- rays are emitted 
with continuous energy spectrum with 
energy Ej — Ey. 
Statement-2: For energy conservation and. 
momentum conservation at least three 
particles, daughter nucleus, В particle and 
antineutrino are required. 
29. (а) jn— lH + qe? «veg 
The mass defect during the process 
Am =m, ту —m, = 1.6725 x 1077 зул 
— (1.6725 10-279 x 1031kg) = inl ayaa 
= —9 103! kg таз) 
The energy released during the process "ге 
Е=Атс? 
Е= 9х 102!x9x 10!6=81 x 10715 Joules 101.3) _ 1901.3) 
7 п, In(2) 
m 
= Т LÁ озимеу T 
16х10 32. (c) ActivityA -N 
30. (b) ForA,,-20min,t = 80 min, number of half" For material, A 


lifesn-4 


No 
2. Nuclei remaining 754” Therefore nuclei 


decayed 


No 


2 Nuclei remaining = -7 . Therefore 


10=(2Ny)hy 
For material, B 
=> Ay 


Tja =4T yp Г T 


Le., 20 days half-lives for A and 5 days (т, ) 
5), 


for material В. 
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Semiconductor Electronics 
Materials, Devices and 
Simple Circuits 


28) 


At absolute zero, Si acts as [2002] 
(a) non-metal (b) metal 
(c) insulator (d) none ofthese 


By increasing the temperature, the specific 
resistance of a conductor and a semiconductor 


(a) increases for both [2002] 
(b) decreases for both 
(c) increases, decreases 
(d) decreases, increases 
Theenergybandgapismaximumin — [2002] 
(a) metals (b) superconductors 


(c) insulators (d) semiconductors. 

The part of a transistor which is most heavily 

doped to produce large number of majority 

carriers is 12002] 

(а) emitter 

(b) base 

(c) collector 

(d) can be any of the above three. 

A strip of copper and another of germanium are 

cooled from room temperature to 80K. The 

resistance of [2003] 

(a) each of these decreas 

(b) copper strip increases and that of 
germanium decreases 

(c) copper strip decreases and that of 
germanium increases 

(d) each of these increases 

The difference in the variation of resistance with 

temeperature in a metal and a semiconductor 

arises essentially due to the difference in the 

(a) crystal sturcture 12003] 

(b) variation of the number of charge carriers 
with temperature 

(c) type of bonding 

(d) variation of scattering mechanism with 
temperature 


10. 


1, 


2 


In the middle of the depletion layer of a reverse- 
biased p-n junction, the 12003] 
(a) electric field is zero 

(b) potential is maximum 

(c) electric field is maximum 

(d) potential is zero 
When npn transistor is 


sed as an amplifier 
12004] 
(8) electrons move from collector to base. 
(b) holes move from emitter to base 
(c) electrons move from base to collector 
(d) holes move from base to emitter 
For a transistor amplifier in common emitter 
configuration for load impedance of 1kQ 
(t, = 50 and h,e = 25) the current gain is 
12004] 
(а) -248 (b -157 
© - (d) -48.78 
A piece of copper and another of germanium are 
cooled from room temperature to 77K, the 
resistance of 12004] 
(à) copper increases and germanium decreases 
(b) each of them decreases 
(c) each of them increases 
(d) copper decreases and germanium increases 
When p-n junction diode is forward biased then 
[2004] 
(a) both the depletion region and barrier height 
are reduced 
(b) the depletion region is widened and barrier 
height is reduced 
(c) the depletion region is reduced and barrier 
height is increased 
(d) Both the depletion region and barrier height 
are increased 


Р-216 
12. 


17. 


18. 
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The electrical conductivity of a semiconductor 
increases when electromagnetic radiation of 
wavelength shorter than 2480 nm is incident on 
it, The band gap in (eV) for the semiconductor is 
12005] 

(а) 25eV (b) LleV 

(©) 07eV (d) O5eV 

In a common base amplifier, the phase difference 
between the input signal voltage and output 


voltage is 12005] 
т 
Hy. = 
(а) л (b) 4 
л 
© = (d) 0 


Ina full wave rectifier circuit operating from 50 
Hz mains frequency, the fundamental frequency 


in the ripple would be 12005] 
(а) 25Hz (b) 50Hz 
(c) 707Hz (d) 100Hz 


Tf the lattice constant of this semiconductor is 
decreased, then which ofthe following is correct? 


12006] 
conduction te 
band width < 
band gap 
valence 
band width $5 


(а) AlE, E, E, increas 
(b) £, and E, increase, but Е, decreases 

(c) E, and E, decrease, but E, increases 

(4) АПЕ; F F, decrease 

In a common base mode of a transistor, the 
collector current is 5.488 mA for an emitter 
current of 5,60 mA. The value of the base current 


amplification factor (8) will be [2006] 
(а) 49 (b) 50 
(c) 51 (d) 48 


A solid which is not transparent to visible light 
and whose conductivity increases with 
temperature is formed by [2006] 
(8) lonic bonding 

(b) Covalent bonding 

(c) Vander Waals bonding 

(d) Metallic bonding 

If the ratio of the concentration of electrons to 


Т 
that of holes іп a semiconductor is n and the 


19. 


20. 


Physics 


7 
ratio of currents is T then what is the ratio of 


their drift velocities? 12006] 
5 » 4 

@ 5 6) 5 
5 d 4 

© i @ 5 


The circuit has two oppositively connected ideal 
diodes in parallel. What is the current flowing in 


thecircuit? [2006] 
4o 
D, D, 
Bx зо $20 
(à) 171A (b) 200A 
(c) 231A (d) 133A 
In the following, which one of the diodes reverse 
biased? [2006] 
+оу 
O .—„ M 
+5V 
— ————4 
(0) -10V 
R 
-5У 
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21. 


22. 


24. 


If in a p-n junction diode, a square input signal 
of 10 V is applied as shown 12007] 


5у 
H Н R 
-5V 


Then the output signal across R, will be 
45V, 10У 


(а) JIL (b) 
“Үр 


(с) (d) 
-10V -5V 


Carbon, silicon and germanium have four 
valence electrons each. At room temperature 
which one of the following statements is most 
appropriate ? 12007] 
(a) The number of free electrons for 
conduction is significant only in Si and Ge 
butsmall in C. 
(b) The number of free conduction electrons 
is significant in C but small in Si and Ge. 
(c) The number of free conduction electrons 
is negligibly small in all the three. 
(4) The number of free electrons for 
conduction is significant in all the three. 
A working transistor with its three legs marked 
P, Q and R is tested using a multimeter. No 
conduction is found between P and Q. By 
connecting the common (negative) terminal of 
the multimeter to R and the other (positive) 
terminal to Р ог Q, some resistance is seen on 
the multimeter. Which of the following is true 
for the transistor? [2008] 
(а) Itis an npn transistor with R as base 
(b) It is a pnp transistor with R as base 
(c) Itis a pnp transistor with R as emitter 
(d) ltisan npn transistor with R as collector 
In the circuit below, А and B represent two inputs 
and C represents the output. [2008] 
oo 


Во 


The circuit represents J 
(а) NOR gate 
(с) МАМО gate 


(b) AND gate 
(d) OR gate 


25. 


26. 


The logic circuit shown below has the input 
waveforms ‘A’ and 78” as shown. Pick out the 
correct output waveform. 12009] 


A 
=Y 
B 


Input B —4 


Input A 


Output is 


(a) 


(b) =! 


à 
i 

@ Ed р 
1—1 7 

A p-n junction (D) shown in the figure can act 
asa rectifier. An alternating current source (V) is 


connected in the circuit. 12009] 


D 


© 


The current (7) in the resistor (R) can be shown 
by: 


л 
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Physics 


27. The combination of gates shown below yields 


12010] 
d Тул 
[ 
Boo 


(b) NOT gate 
(d) NAND gate 


(а) OR gate 
(c) XOR gate 


28. The output of an OR gate is connected to both 
the inputs of a NAND gate, The combination 


[2011 RS] 
(b) NOR gate 
(d) ORgate 


will serve as а: 
(a) NOT gate 
(c) AND gate 


29. Truth table for system of four NAND gates as 


shown in figure is : 12012] 
А 
n» 
B: 
A|B|Y А | B| Y 
о [оо о [0/0 
o[1|1 01110 
© по] 9 9 
1110 er | i 
A|BLY A|B|Y 
о [от о [о 
ojala 01110 
© ilolo) 9 [то 
1110 MEAE 
30. The l-V characteristic ofan LEDis [2013] 


I 
(a) 


(с) 


31. 


32. 


33. 


34. 


35. 


The forward biased diode connection is:[2014] 
o “ы HT 
® ——++—————— 
© pyn © 


9 —p—— 

А red LED emits light at 0.1 watt uniformly 
around it. The amplitude of the electric field of 
the light at a distance of 1 m from the diode is : 

[2015] 

(а) 548Vim (b) 775 Vm 
(©) 173 Vim (4) 245Ут 
Fora common emitter configuration, if a and B 
have their usual meanings, the incorrect 


relationship between c and B is : [2016] 
m еа 
@ 5715 O aia? 
gb. 
@ Tb 


Ifp, q, r, s are inputs to a gate and x is its output, 
then, ав per the following time graph, the gate is : 
[2016] 


(a) OR (b) NAND 

(c) NOT (d) AND 

Identify the semiconductor devices whose 
characteristics are given below, in the order (p). 
(а), (т), (5): 12016] 
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Resistance 38. Mobility of electrons in a semiconductor is 
defined as the ratio of their drift velocity to the 
applied electric field. If, for an n-type 
semiconductor, the density of electrons is 1079 
m? and their mobility is 1.6m?/(V.s) then the 


Intensity Mean : : нэ. 
Tllnminated of light resistivity of the semiconductor (since it is an 
n-type semiconductor contribution of holes is 
@ (8) ignored) is close to: 12019] 
(а) Solar cell, Light dependent resistance, (a) 2Qm (b 49m 
Zener diode, simple diode (с) 04От (d) 0.29m 
(b) Zener diode, Solar cell, simple diode, Light 39, Ап NPN transistor is used in common emitter 
dependent resistance configuration as an amplifier with 1 kQ load 
(c) Simple diode, Zener diode, Solar cell, Light resistance. Signal voltage of 10 mV is applied 
dependent resistance across the base-emitter. This produces a 3 mA 
(d) Zener diode, Simple diode, Light dependent change in the collector current and 15 pA 
resistance, Solar cell change in the base current of the amplifier. The 
36. Inacommon emitter amplifier circuit using an n- input resistance and voltage gain аге: [2019] 
p-n transistor, the phase difference between the (а) 033КО,15 (b) 0.67КО,300 
input and the output voltages will be: [2017] (c) 0.67КО,200 (d) 0.33kQ,300 
(a) 135° (b) 180° 40. А LCR circuit behaves like a damped harmonic 
(c) 45 (d) 9% oscillator. Comparing it with a physical spring- 
37. The reading of the ammeter for a silicon diode. mass damped oscillator having damping 
in the given circuit is : 12018] constant “2”, the correct equivalence would be: 


000) 12020] 
© Lek CebRem 
) 


2 
pL @ LomCokRob 
Lol cel gel 
ойыс CO den 
зү 
) 0 ( 


(а) b) 15тА 1 
(c) 11.5тА (d) 13.5mA (d) LemCeoyReb 


Answer Key 


[23 ШЕБИНЕ 
(с) | (а) | €) | b) | @ | (4) | (4) 
22 23 24 


(a) | (b) | (d) 
37 | 38 |39 
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P-220 Physics 
cC Solutions 25 
1. (c) Pure silicon, at OK, will contain all the 6. — (b) When the temperature increases, certain 
electrons in bounded state. The bounded electrons become free which tend 
conduction band will be empty. So there to promote conductivity. Simultaneously 
will be no free electrons (in conduction number of collisions between electrons and 
band) and holes (in valence positive kernels increases which decrease 
band). Therefore no electrons from valence the relaxation time. 
band are able to shift to conduction band 7. (а) In reverse biasing the width of depletion 
due to thermal agitation. Pure silicon will region increases, and current flowing 
act as insulator. through diode is zero. Thus, electric field. 
2. (© Specific resistance (resistivity) is given by is zero at middle of depletion region. 
m 8. (с) In npn transistor, electrons moves from 
р=—5 emitter to base. 
цайг 3 9. (d) In common emitter configuration for 
wherezr— no. of ree electrons per unit volume тїсї nplifier current gain 
and t — average relaxation time Р, 
Fora conductor with rise in temperature т b fe 
increases. Increase in temperature results TA 
increase in number of collision between free Where fy, and h, are hybrid parameters. 
electrons due to which relaxation time T 250 
decreases. But the decrease in т is тоге A; 1425x105 1105. 
dominant than increase in n resulting ап T EN 
increase in the value ofp. — ——— 40, (y Copper is a conductor, so its resistance 
For a semiconductor with rise in бе Бас 22 
M lecreases on decreasing temperature whereas. 
temperature, п increases and т decreases. d 
But the increase in n is more dominant than Berman а semicon diota асве en 
decrease in t resulting in a decrease in the decreasing temperature resistance increases, 
value of p. 11. (а) In forward biasing, the p type is connected 
to positive terminal and л type is connected. 
r ALTERNATE SOLUTION with negative terminal. So holes from p 
Pp =M (0+ AAT) region and electron from л region are 
: pushed towards the Junction which 
For conductor a: is po: А À 
HEN : reduces the width of depletion layer. Also, 
7. Paz p for AT positive i.e., increase in distance between diffused holes and 
Pu Wc electrons decrease, which decrease electric 
For semi conductor a is negative field hence barrier potential. 
^ P2 <р , for A T positive. 12. (d) Band gap=energy ofphoton of wavelength 
3. (© In insulators, valence band is completely 2480пт. So, 
filled while conduction band is empty. The he 
energy band gap is maximum in insulators. Band gap, E, = = 
4. (@) Emitter main function istosupply the majority M е 
charge carrriers towards the collector. (663x107 x3x108) А Цаг" 
Therefore emitter is most heavily doped. 2480x107 1.610719 
5. (с) Copper is a conductor and in conductor -05eV 
resistance decreases with decrease in — 13, (d) In common base amplifier circuit, inputand 


temperature. Germanium is a semicon ductor. 
In semi-conductor resistance increases with 


decrease in temperature. 


output voltage are in the same phase. So, 
the phase difference between input voltage 
signal and output voltage signal is zero. 
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M. @ 
15. © 
16. (а) 
п. ® 
18. © 
19. 0 


Input frequency, f= 50 Hz 
= Timeperiod T=_Lg 
50 


For full wave rectifier, 7; 


1 
Л == = 100 Hz. 
= Л т 


A crystal structure is made up ofa unit cell 
arranged in a particular way; which is 
periodically repeated in three dimensions 
оп a lattice. The spacing between unit cells 
in various directions is called its lattice. 
constants. As lattice constants increases 
the band-gap (E,), also increases which 
means more energy would be required by 
electrons to reach the conduction band 
from the valence band. Automatically £, 
and E, decreases. 

Collector current, (= 5.488 mA, 

Emitter current /,.7 5.6mA 


а 


B= =49 
1-a 


Van der Waal's bonding is attributed to the 
attractive forces between molecules ofa liquid. 
The conductivity of semiconductors (covalent 
bonding) and insulators (їопїс bonding) 
increases with increase in temperature. 

Solid which is formed by covalent bond is 
not transparent to visible light and its 
conductivity increase with temperature. 
Relation between drift velocity and current is. 


Dy is forward biased. 

D, is reversed biased. So, it will act like an 
open circuit. 

So effective resistance of the circuit 


К=4+2=60 2А 


20. 


21. 


22. 


23. 


24. 


25. 


26. 


27. 


28. 


(9 


(а) 
@) 


b) 
@ 


® 


@) 


b) 


In option (d) n-side is connected to high 
potential than Р Junction. 

So, it is reverse baised. 

The current will flow through R} when the 
diode is forward biased. 

Si and Ge are semiconductors but C is an 
insulator. In Si and Ge at room temperature, 
the energy band gap is low due to which 
electrons in the covalent bonds gains 
kinetic energy and break the bond and move 
to conduction band. As a result, hole is 
created in valence band. So, the number of 
free electrons is significant in Si and Ge. 
It is a p-n-p transistor with R as base. 

A 


С 


В. 
The truth table for the above circuit is : 


when either 4 or B conducts, the gate 
conducts. It means C — А + B which is for 


OR gate 
The final boolean expression 
== А|В|Ү 

y=(4+B) 

Thus, itis an AND gate 9500 

for which truth tableis o|1[o 
1[o|o 
Ши 

The given circuit will work as half wave 


rectifier as it conducts during the positive 
half cycle of input AC. 

Forward biased in one half cycle and 
reverse biased in the other half cycle]. 
The final boolean expression of these gates is, 


X =(4.B)= 44B =А+В = OR gate 
It means OR gate is formed. 


When both inputs of NAND gate are 
jointed to form a single input, it behaves 
аз NOT gate 

OR+NOT=NOR. 


(A+B)=NOR gate 
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By expanding this Boolen expression 
Y=AB+BA 

Thus the truth table for this expression 

should be (a). 

For same value of current higher value of 

voltage is required for higher frequency 

hence (a) is correct answer. 


э. @ Ly 


For forward bias, p-side must be at higher 
potential than n-side, AV =(+)Ve 


БЭ) Using U,,= Lys! 
P 
But Uy, = ——3 

Я 4ar хс 
ВЕ ode ol 

— = 5% Ey? xe 
4g 2°° 

pz -2P a 2x01 9 «10? 
° Apr ege 1x3x10* 


E,7 V6 =245V/m 


33. (b,d)We know that Цин and Berl: 
e b 
Alsol,=1,+1, 
1 
к d. p 
Inte tele 1+В 
ly 


Option (b) and (d) are therefore incorrect. 


34. (a) In case of an 'OR' gate the input is zero 
when all inputs are zero. Ifany one input is 
' I' then the output is "1". 

35. (c) Graph (p) is for a simple diode. 


Graph (q) is showing the V Break down 
used for zener diode. 


Physics 


Graph (т) is for solar cell which shows 
cut-off voltage and open circuit current. 

Graph (s) shows the variation of resistance 
hand hence current with intensity of light. 


36. (b) In common emitter configuration for n-p-n 
transistor input and output signals are 180° 
out of phase i.e., phase difference between 
output and input voltage is 180°, 

37. (© Clearly from fig, given in question, 


Silicon diode is in forward bias. 
~. Potential barrier across diode 
AV = 0.7 volts 

Current, 


11.5тА. 
200 


2271771:777) 
Here пуць is neglected 


38. 


10/9 1.610719 «1.6 
or p-04Qm 
39. (b) Given AV.- 10x 10° 
x 107A 
5х10*А 
p -AV 10х103 
Ab, 15x10% 


=0.67kQ 


a Ale Ro 
2. Voltage gain = Al E 


i 


40. @ 


i) 
Comparing equations (i) & (ii) 


Lom Ce reb 
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Systems 


28) 


This question has Statement — 1 and Statement 
2. Of the four choices given after the 
statements, choose the one that best describes 

the two statements. 12011] 

Statement — 1 : Sky wave signals are used for 

long distance radío communication. These 

signals are in general, less stable than ground 
wave signals. 

Statement — 2 : The state of ionosphere varies 

from hour to hour, day to day and season to 

season. 

(а) Statement-1 is true, Statement-2 is true, 
Statement-2 is the correct explanation of 
Statement— 

(b) Statement-1 is true, Statement—2 is true, 
Statement-2 is not the correct explanation 
of Statement — 1. 

(c) Statement- 1 is false, Statement- 2 is true. 

(d) Statement- is true, Statement—2 is fal 

Which of the following four alternatives is not 

correct ? We need modulation: [2011 RS] 

(à) to reduce the time lag between transmission 
and reception of the information signal 

(b) to reduce the size ofantenna 

(c) toreduce the fractional band width, that is 
the ratio of the signal band width to the 
centre frequency 

(d) to increase the selectivity 

A radar has a power of IKW and is operating at 

3 


а frequency of 1118 located on à mountain 
top ofheight 500 m. The maximum distance upto 
which it can detect object located on the surface 


of the earth 

(Radius of earth = 6.4 x 10*m) is: 120121 
(a) 80km (b) l6km (c) 40Кш(4) 64km 
A diode detector is used to detect an 
amplitudemodulated wave of 60% modulation 
by using a condenser of capacity 250 picofarad 
in parallel with a load resistance 100 kilo ohm. 
Find the maximum modulated frequency which 
could be detected by it. 


(a) 1062MHz (b) 
(c) $31MHz 


10.62kHz 
(d) S31kHz 
A signal of kHz frequency is amplitude modulated 


оп а carrier wave of frequency 2 MHz. The 
frequencies of the resultant signal is/are : [2015] 
(а) 2005kIlz 2000kIIzand 1995 КП 

(b) 2000kHzand 1995 kHz 

(с) 2MHz only 

(d) 2005kHzand 1995 kHz 

Choose the correct statement : 


(а) In frequency modulation the amplitude of 
the high frequency carrier wave is made to 
vary in proportion to the amplitude of the 
audio signal. 

(b) In frequency modulation the amplitude of 
the high frequency carrier wave is made to 
vary in proportion to the frequency of the 
audio signal. 

(c) In amplitude modulation the amplitude of 
the high frequency carrier wave is made to 
vary in proportion to the amplitude of the 
audio signal. 

(d) In amplitude modulation the frequency of 
the high frequency carrier wave is made to 
vary in proportion to the amplitude of the 
audio signal. 120 

In amplitude modulation, sinusoidal carrier 

frequency used is denoted by o, and the signal 

frequency is denoted by c». The bandwidth 

(Aa, ) of the signal is such thät Aa, < o. Which 

of thé following frequencies is nof contained in 

the modulated wave ? 12017] 

(0) mm, 8222 


(с) o, (d) o. 


7-224 
8. 
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A telephonic communication service is working 

at carrier frequency of 10 GHz. Only10% of itis 

utilized for transmission, How many telephonic 

channels can be transmitted simultaneously if 

each channel requires a bandwidth of KHz? 
12018] 

(а) 2x10 (b) 2x10 

(с) 2x 105 (d) 2x 10° 

A signal Acoswt is transmitted using v0 sin w 
[2019] 


modulated (AM) signal is: 


Physics 


A. 
(а) позір 7+ —sin 


А 
(бш) (өрт )t 


(b) v,sin[o (10.01 Asinot)] 
(c) vo sinat + Acosot 
(d) (+ A) coswt sinoyt 


Answer Key 


Solutions 


СС 


(b) For long distance communication, sky 
wave signals are used. 

Also, thestate of ionosphere varies every time. 
So, both statements are correct. 

(a) Low frequencies cannot be transmitted to 
long distances. Therefore, they are super 
imposed on a high frequency carrier signal 
by a process known as modulation. 
Speed of electro-magnetic waves will not 
change due to modulation. So there will be 
time lag between transmission and 
reception of the information signal. 

(а) Let dis the maximum distance, upto which 
it can detect the objects 


From AAOC 


c 


oc? - АС? + АО? 
(h+RY = +R? 


э d =(htRP-R? 


а= +) -R° : а= e 2hR 


а= 500° +2x6.4x10° - 80km 
(b) Given: Resistance R= 100 kilo ohm 
= 100x109 
Capacitance 
-250х10:2Р 
т = RC = 100х 103 250 х 10:12 sec 
=2.5 x 107 x 107 sec 
10° sec 
The higher frequency wheih can be 
detected with tolerable distortion is 


50 picofürad 


2пх0.6х2.5х105 — 


xoti 
12т 


100105 


xl2n 

0.61 KHz 
This condition is obtained by applying the 
condition that rate of decay tes acitor 
voltage must be equal or less than the rate 
of decay modulated singnal voltage for 
proper detection of mdoulated signal. 

(a) Amplitude modulated wave consists of 
three frequencies are @, + о), 0,0, — On 
ie. 2005 kHz, 2000kHz, 1995 

(©) Inamplitude modulation, the amplitude of 
the high frequency carrier wave made to 
vary in proportional to the amplitude of 
audio signa 


—— ^ Audio signal 
NARRA oni wave 


( а Amplitude modulated wave 


(c) Modulated carrier wave contains 
frequency o, mg ©, Op, 
(c) Ifn- no. of channels 
10% of 10 GHz n x 5 KHz or, 
=> n-2x10 
(а) The equation of amplitude modulated wave 
m= (уу+А coset) sinot 
{sinogt +A созо sinot 


2 


=y 


: AL. | 
= мушу + > [sin (®у-®) + sinto] 


= 


(^ 


of Chemistry HEU 


In a compound C, Н and N atoms are present їп 
9:1: 3.5 by weight. Molecular weight of 
compound is 108. Molecular formula of 


compound is 12002] 
() CHN, (b) CHN 
(©) CHN, (d CHN, 
With increase of temperature, which of these 
changes? 12002] 


(a) molality 

(b) weight fraction of solute 

(c) molarity 

(d) mole fraction. 

Number of atoms in 558.5 gram Fe (at. wt. of 

Ее= 55.85 g mol) 8 12002] 

(a) twicethat in 60 g carbon 

(b) 6.023 x 1022 

(c) halfthatin 8 Не 

(d) 558.5 x 6.023 x 10? 

What volume of hydrogen gas, at 273 K and 1 

atm. pressure will be consumed in obtaining 21.6 

of elemental boron (atomic mass = 10.8) from 

the reduction of boron trichloride by hydrogen? 
12003] 

(8) 6721. (b) 4481. 

(с) 2241, (d) 8961. 

25mL of a solution of barium hydroxide on 

titration with a 0.1 molar solution of hydrochloric 

acid gave a titre value of 35mL. The molarity of 


barium hydroxide solution was 12003] 
(a) 0.14 (b) 028 
(c) 035 (d) 007 


10. 


52 


6.02 х 1027 molecules ofurea are present in 100 
mL of its solution. The concentration of urea 


solution is 12004] 
@ 002M (b) оом 
(c) 0.001M (d 01M 


(Avogadro constant, N, = 6.02 х 10? mol) 
To neutralise completely 20 mLof0.1 M aqueous 
solution of phosphorous acid (H,PO,), the value 
of 0.1 M aqueous KOH solution required is 
12004] 
(а) 40mL (b) 20mL 
(c) 10mL (d) боті, 
Two solutions of a substance (non electrolyte) 
are mixed in the following manner: 480 mL of 
1.5 M first solution 520 mL of 1.2 M second 
solution. What is the molarity of the final 


mixture? [2005] 
(à) 270M (b) L344M 
(с) 150M (d 120M 


Ifwe consider that 1/6, in place of 1/12, mass of 

carbon atom as the relative atomic mass unit, 

the mass of one mole of the substance will 
[2005] 

(a) bea function ofthe molecular mass of the 

substance 

(b) remain unchanged 

(c) increase two fold 

(d) decrease twice 

How many moles of magnesium phosphate, 

Mg,(PO,), will contain 0.25 mole of oxygen 


atoms? 12006] 
(a) 125х102 (b) 2.5х102 
(с) 002 (d) 3.12510? 


с-2 


12. 


15. 


16. 
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Density of a 2.05M solution of acetic acid in 
water is 1.02 g/mL. The molality of the solution 
is 12006] 
(а) 2.28molkg! 
(b) 044 токе! 
(c) Ll4molkg' 
(d) 3.28molkg! 
The density (in g mL) ofa 3.60 M sulphuric 


acid solution that is 29% H,SO, 
(molar mass = 98 в то! ') by mass will be 

(а) 145 (b) 16 12007] 
(c) 188 @ 12 

In the reaction, 12007] 
2AI(s)  6HCl(ag) —9 


2АР" (aq) | 6CI- (aq) 1 3H; (в) 
(а) 11.2 LH,(g) at STP is produced for every 
mole of HCl(ag) consumed 
6 L HCl(aq) is consumed for every 3 L of 
H,(g) produced 
(c) 33.6 L H,(g) is produced regardless of 
temperature and pressure for every mole 
of Al that reacts 
67.2 H,(g) at STP is produced for every 
mole of Al that reacts. 


(b: 


(d 


The molality ofa urea solution in which 0.0100 g 
of urea, [(NH,),CO] is added to 0.3000 dm? of 


water at STP is : [201185] 
(а) 5.55 х10 ^m (b) 333m 
(с) 333*107m (4) 0.555m 


A gaseous hydrocarbon gives upon combustion 
0.72 gof water and 3.08 g. of CO, The empirical 


formula of the hydrocarbon is : 12013] 
@ CH, (b C.H, 
© CH, (d CH, 


З g ofactivated charcoal was added to 50 mL of 
acetic acid solution (0.06N) in a flask. After an 
hour it was filtered and the strength ofthe filtrate 
was found to be 0.042 N. The amount of acetic 
acid adsorbed (per gram of charcoal) is : 

12015] 
(à) 42mg 
(с) 18mg 


(b) 54mg 
(0) 36mg 


17. 


18. 


19. 


20. 


21. 


Chemistry 


Themolecular formula ofa commercial resin used 
for exchanging ions in water softening is 
C,H,SO, Ма” (Mol. wt. 206). What would be 
the maximum uptake of Са? * ions by the resin 
when expressed in mole per gram resin? [2015] 


2 MOR 
© 309 © лу 
d a 
© тоз ® 206 


At 300 K and 1 atm, 15 mL of a gaseous 
hydrocarbon requires 375 mL air containing 20% 
О, by volume for complete combustion. After 
combustion the gases occupy 330 mL. Assuming 
that the water formed is in liquid form and the 
volumes were measured at the same temperature 
and pressure, the formula of the hydrocarbon 


is: [2016] 
() сн, ъ сун 
© CH, (d) суң, 


The most abundant clements by mass in the 
body of a healthy human adult аге: 

Oxygen (61.4%) ; Carbon (22.9%), Hydrogen 
(10.0%) ; and Nitrogen (2.6%). The weight which 
а 75 kg person would gain if all ЇН atoms аге 


replaced by °H atoms is 12017] 
(а) 15kg (b) 375kg 
(с) 75kg (d) 10kg 


1 gram ofa carbonate (М,СО,) on treatment with 
excess НСІ produces 0.01186 mole of CO,. The 


molar mass of M,CO, іп gmol' is: [2017] 
(a) 1186 (b) 843 
(c) 1186 (d) 1L86 


The ratio of mass percent of C and H of an 
organic compound (С,Н,О,) is 6 : 1. If one 
molecule of the above compound (С,Н,О,) 
contains half as much oxygen as required to 
burn one molecule of compound СН; 
completely to СО, and H,O. The empirical 
formulaofcompoundC,H,O,is: [2018] 
(a) CHO, (b) o 

(c) CHO, 


" 


(d) CHjO, 


22. 


23. 
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Some Basic Concepts of Chemistry 


For a reaction, 

N,(g) + 3H. (8) > 2 NH,(g): identify dihydrogen 
(H,) as a limiting reagent in the following 
reaction mixtures. 12019] 
(а) 56gofN,+10gofH, 

(b) 35gofN,-8gofH, 

(с) 28gofN,+6gofH, 
(d) 14gofN,--4gof H, 

Amongst the following statements, that which 
was not proposed by Dalton was: [2020] 


(a) 


(b) 


(c) 


(d) 


Chemical reactions involve reorg 
of atoms. These are neither сг 
destroyed in a chemical reaction. 

АШ the atoms of a given element have 
identical properties including identical 
mass. Atoms of different elements differ їп 
ma 
When gases combine or reproduced in a 
chemical reaction they do so in a simple 
ratio by volume provided all gases are at 
the same T & Р. 

Matter consists of indivisible atoms. 


(а) 


@) 


cC Solutions 
(c) [Element] 96 | Relative [Simplest 
no. of atoms| ratio of atoms 
С 9 23 3 
12 4 
н fi [Ма 4 
1 
х 142221 1 
& | AU 


Empirical formula -С,Н,Х 
(C,H,N), = 108 
(12х3+4х1+14),=108 
(54),=108 

108 
54 
2. Molecular formula =C, H,N, 


n =2 


(c) Among all the given options, molarity 


changes with temperature because the term 
molarity involves volume which increases 
on increasing temperature. 


Fe (No. of moles) = 10 mol 


C (No. of moles) in 60 gofC=60/12=5 mol. 


2ВС1, +3H) — 2B - 6HCI 

or BCI; n > B«3HCI 

Now, siue 10.8 g boron requires hydrogen 
= ES 224Lat S.T.P 


Hence 21.6 boron requires hydrogen 


224,716 = 67.21, at S.T. P. 
10.8 


Ba(OH), HCI 


NV = N,V, 
N,x25 = 01х35 
N, -0H 

Since, Ва(ОН), is diacid base 


N 
Hence М = Мх 2 or Me 


M=0.07M 
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с-4 Chemistry 
6. (b Moles of urea present in 100 mL of sol. 21 
692x109 П. (а) Apply the formula d = м1. 2 ) 
=> mol m 1000 
6.02107 
6.021020 x1000 - 102-205| 1460 
LO =0.01M m 1000 
6.02 1022 x100 1 
[. M = Moles of solute present in 1L of On solving we get, m = 2.288 mol/kg 
solution] 12. (d) Since molarity of solution is 3.60 M. It 
7. (a) H,PO, KOH means 3.6 moles of H,SO, is present in its 
N,V, = NV, 1 litre solution. 
(Note : H3PO; is dibasic, 2. M=2N) Mass of 3.6 пие БАШ, 
2 = Moles x Molecular mass 
20x02-0.1x V, (Thus. 0.1 M=0.2N) 6% 08 p=352.89 
5 ын 2. 1000 mL solution has 352.8 g of H,SO, 
: : Given that 29 g of H,SO, is present in 
8. (b) Fromthe molarity equation Е жек 
УМУ = 100 g of solution 
та ata А 7. 352.8 g of H,SO, is present in 
Let M be the molarity of final mixture, 5 
0 
ММ +MbV- = ——х352.8 g of soluti 
м- MM E 2V2 where V- Vj V; 38 x g of solution 
= 1216 g of solution 
480x1.5+520x1.2 _ yM 
(0 48043200 — ^7 Бенуе Mass — 1216 
9. (d) Relative atomic mass = Volume 1000 
-1216 gimL = 1.22 gimL 
Mass of one atom of the element ни ын 
th " 13. (a) 2Al(s)+6HCl(aq) > 
1\2 port of the mass of one atom of carbon — 12 2AI" (aq) + 6CI- (aq) - 3H () 
or Mess of one atom of the element, +; 6moles of HCl produces=3 moles of H, 
Mass of one atom of the C – 12 —73x224 Lof H,at S.T.P 
Now if we use i in place of + the 2. Lmole of HCI produces 
formula becomes 3x224 
Relative atomic mass = LofH,atST.P 
_ Mass of one atom of element =11.2 Lof H,atSTP 
Mass of one atom of carbon 14. (а) Molality= Moles of solute / 
2. Relative atomic mass decrease twice. Mass of solvent in kg 
10. (d) 1 Mole of Mg.(PO,), contains 8 moles of . O06) 001 
oxygen atoms Molality = a : 
8 mole of oxygen atoms = 1 mole of з 60x03. 
Mg,(PO,), = 5.55 x 104m 
` D 15. @ л 18g, H,O contains =2 gH 


0.25 mole of oxygen atom = i x 0.25 mole 


of Mg,(PO,), 
—3.125 * 107 mole of Mg, (PO,), 


7. 0.72 g H,O contains 
2 

-dg0728-008 gH 

ч 44 gCO, contains = 12g C 


16. (©) 


7. 5 


18. 09: caos ( 


istry 
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Some Basic Concepts of Chemi 


c-5 


7. 3.08 g CO, contains 


= 12 3.08 = 0.84 gc 
44 


=007:008=7:8 
2. Empirical formula = C,H, 
Let the weight ofacetic acid initially be w, 
in 50 mL of 0.060 N solution. 

С мүх1000 


TUM WIL SU (Normality- 0.06 N) 


_ 0.06х60х50 
| 1000 
After an hour, the strength of acetic acid 
=0.042N 

so, let the weight of acetic acid be w, 


>w =0.18 g= 180 mg. 


= w,=0.126g= 126mg 
So amount of acetic acid adsorbed per 3g 
—180— 126 та = 54 mg 

л amount of acetic acid absorbed per g 
=54/3= 18mg 


2 mole of water softner require 1 mole of 
Ca?" ion 


So, | mole of water sofiner require 1 тое 
of Ca?* ion ^ 
1 1 : : 
L—— == mol/g will be maximum 
"3206 412 "8 
uptake. 


xCOs (e) +29000 


0,08) — 


19. © 


20. ©) 


: 
Volume of O, used = ES х375= 75 mL 


Volume of air = 375 75 - 300 mL 

Total volume of gases after combustion 
= vol. of CO, + vol. оГайг = 330 mL. 
Volume of CO, = 330 ~300=30 mL 

15 mL C,H, gives= 30 mL CO, 


1 mL C,H, gives ==? mL CO; 


At constant T and P; Volume ос mole 


2 1 mol CH, -2 mol CO, 
x-2 


Ax*y) 75 
( 4 J- 15 
4х+у=20 
y-20-4x2-12 
Hence, formula of the hydrocarbon is 
CH, 
Percentage (by mass) of elements given in 
the body of a healthy human adult is :- 
Oxygen = 61.4%, Carbon = 22.9%, 
Hydrogen = 10.0% and Nitrogen =2.6% 


+ Total weight of person = 75 kg 


2 Mass due to His = 75x72 =7.5kg 
100 


If 'H atoms are replaced by ^H atoms. 
Mass gain by person would be = 7.5 kg 
Given chemical eq" 
M,CO,+2HCI 2MCI+H,0+CO, 

18 0.01186 mol 
From the above chemical eq". 
nM,CO,=nCO, 


1 


M — = 001186 
Molar mass of MjCO3 


2 Molar mass of М,СО, = —— 
^ ^" 0.01186 


Molar mass = 84.3 g/mol 
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с-6 Chemistry 
21. @ 
x3) 22 (x+2]=z 
Element | Relative | Relative | Simplest whole 
lement i 
b. | нг unte rando Now putting the values of x and y 
2 
c 6 6 05 1 > (“| => 2-15 
12 4 
Е ; Ia Р л, Molecule (C,H,O,) can be written as 
1 C,H,0,, 
80,х-1,у-2 = CHO, 


Equation for combustion of C,H, 


C,H, «| х+ |0, —>xco, +2H,0 
Ну 4302 2432 


Oxygen atoms required = 


As mentioned, 


22. (a) According to the stoichiometry of 
balanced equation 28 g N, react with 6 g H, 


N, +3H, —> 2NH, 
Imole 3 mole 
A бк 


2. For 56 g of N,, 12 g of H, is required. 


23. (e) Except (c) all postulates was given by the 
Dalton. 
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Structure of Atom: 


In a hydrogen atom, if energy of an electron in 
ground state is 13.6. eV, then that in the 25 


excited state is 12002] 
(а) 1.51еу (b) 34eV 
(c) 604eV (d) 13.6eV. 


Uncertainty in position of a minute particle of 
mass 25g in spaceis 1075 m. Whatistheuncertainty 
in its velocity (in ms“)? 

(h=6.6 x 1072 Js) 

(à) 2.1 x 1034 (b) 0.5 x 1034 
(c) 2.1 x 10% (d) 0.5 x 1073, 

The number of d-electrons retained іп Fe™ (At. 
no. of Fe = 26) ion is [2003] 
@ 4 з (Q6 @ 3 
The orbital angular momentum for an electron 


12002] 


TC mM Я h 
revolving in an orbit is given by ‚(+ Do Е 
т 
This momentum for an s-electron will be given 


by 12003] 
a) 2 joo 
(a) zero 6) 3 
h AA 
© ES O55, 


Which one of the following groupings represents 
a collection of isoelectronic species 2(At. nos. : 
Cs:55, Br: 35) 12003] 
(а) N',F,Na' | (b) ВсАР,СБ 

(c) Ca”, Cs*,Br | (d) Na, Ca, Mg?" 
In Bohr series of lines of hydrogen spectrum, 
the third line from the red end corresponds to 
which one of the following inter-orbit jumps of 
the electron for Bohr orbits in an atom of 
hydrogen 12003] 


10. 


п. 


(a) 522 (b 421 

© 2255 (4) 322 

The de Broglie wavelength of a tennis ball of 

mass 60 g moving with a velocity of 10 metres 

per second is approximately 12003] 

(a) 107! metres. (b) 10-5 metres 

(c) 10-5 metres (d) 10723 metres 

Planck's constant, Л = 6.63 х 10*Js 

Which ofthe following sets of quantum numbers. 

is correct for an electron in 4/orbital ? [2004] 

(а) п=4, 

(b) п-4,1-4,т- 

(c) n-4, 

(d) п=3,/=2,т=- 

Consider the ground state of Cr atom (X — 24). 

The number of electrons with the azimuthal 

quantum numbers, / = 1 and 2 are, respectively 
12004] 


(a) l6and4 (b) I2and5 
(c) I2and4 (d) l6and5 
The wavelength ofthe radiation emitted, when 
in a hydrogen atom electron falls from infinity to 
stationary state 1, would be (Rydberg constant 


—1.097x107 m7!) 12004] 
(a) 406nm (b) 192nm 
(c) 91nm (d) 9.1x10* nm 


Which one of the following sets of ions 
represents the collection of isoelectronic 
species? [2004] 
(а) Ке, C, Mg”, Sc* 


() K*, Ca”, 
(d) Ма“, Mg”, АІ", СГ 

(Atomic nos. : F =9, С1= 17, № = 11, Mg = 12, 
Al= 13,К=19, Са 20,5с=21) 


c-8 


16. 
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Ina multi-electron atom, which of the following 
orbitals described by the three quantum 
members will have the same energy in the 
absence of magnetic and electric fields?[2005] 
(А) n=1,1=0,m=0 (B) т-2,1-0,т-0 
© n=2,1=1,m=1 (D) п-3,1-2,т-1 
(Е) n=3,1=2,m=0 

(8) (D)and(E) (b) (C)and(D) 

(c) (B)and(C) (d) (A)and (B) 

Of the following sets which one does NOT 
contain isoelectronic species? 12005 


(а) ВО, СОЗ, МОЗ 
(b 503, CO: 


27, NO3 
© см”, N3, C37 


(d) PO}, SOF, ClOy 
According to Bohr's theory, the angular 
momentum ofan electron in 5" orbitis [2006] 
(а) 101” ©) 2.5h/n 
(c) 25h (d) L0A/m 
Uncertainty in the position of an electron (mass 
9.1 x 10! kg) moving with a velocity 300 ms", 
accurate upto 0.001% will bel 2006] 
(а) 192x10?m (Ы) 3.84» 107m 
© 192x10°m (d) 576х102т 

(А = 6.63 х 104 Js) 
Which one of the following sets of ions 
represents a collection of isoelectronic species? 


12006] 


(а) №, ОЕ, 525 

(b) Lit, Nat, Mg", Ca^* 

(c) K*CL,Ca*, Sc 

(d) Ba?*, Sr”, K*, Ca” 

Which ofthe following sets of quantum numbers 


represents the highest energy of an atom? 
12007] 


(à) n=3,/=0,m=0,s=+1/2 

(b) n=3,1=1,m=1,s=+1/2 

(©) n=3,1=2,m=1,s=+1/2 

(d) n=4,1=0,m=0,s=+1/2. 

Which one of the following constitutes a group 
of the isoelectronic species? 12008] 
(а) Ci .05,.CO.NO 


19. 


20. 


21. 


22. 


23. 


24. 


Chemistry 


(b) NO*,CÍ-,CN^,N; 


(c) CN7,N2,03- C3 


(d) N3,03 ,NO*,CO 
The ionization enthalpy of hydrogen atom is 
1.312 x 1057 mol. The energy required to excite 
the electron in the atom from n= 1 ton=2is 
12008] 
(а) &51* 1057 mol! (Ы) 6.56 x 10°J mol?! 
(c) 7.56% 105 mol! (d) 9.84 х 105J mol! 
Calculate the wavelength (in nanometer) 
associated with a proton moving at 1.0 х 10? ms-!. 
(Mass of proton = 1.67 x 10:27 kg and 


76.63 x 10° Js) 12009] 
(8) 040nm (b) 25nm 
(c) 14.0nm (d) 032nm 


In an atom, an electron is moving with a speed 
of 600 m/s with ап accuracy of 0.005%, Certainity 
with which the position of the electron can be 
located is ( Л = 6.6 х 10:34 kg m?s-!, mass of 


electron, e, —9.1 x 102 kg): 12009] 
(à) $10*102m (Ы) 192x102m 
(c) 3.84х 10?m (4) L52x10m 


The energy required to break one mole of Cl — Cl 
bonds in Cl, is 242 kJ mol. The longest 
wavelength of light capable of breaking a single 
CI Cl bond is (с=3 х 10 ms"! and N, =6.02 х 


10? mot). 12010] 
(a) 594nm (b) 640nm 
(c) 700nm (d) 494nm 


Ionisation energy of He* is 19.6 х 10-15 J atom, 
The energy of the first stationary state (п = 1) of 
Li? is 12010] 
(а) 4.41% 10775 Jatom 

(b) 4.41» 10-17 J atom! 

(c) -2.2 x 10-5 J atom? 

(d) 8.82% 10-17 аот! 

The frequency of light emitted for the transition 
n=4 ton=2 ofthe Не“ is equal to the transition 
in H atom corresponding to which of the 


following? [201185] 
(а) n-2ton-l (5) n-3ton-2 
(c) m-4t0n-3 (d) n-3ton-1 
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27. 
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29. 
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The electrons identified by quantum numbers n 
and /: 12012] 


(4) 
(C) n 
can be placed in order of increasing energy as : 
(а) (C)<(D)<(B)< (A) 
(b) (D)<(B)<(C)<(A) 
(с) (B)<(D)<(4)<(C) 
(d) (4)(Су-(8) (0) 
The increasing order of the ionic radii of the 
given isoelectronic species is : [2012] 
(а) СГ, a, K’, S+ 
(b) 82, СІ", Са? ,К* 
К+, СУ, 5° 

Саі 
Energy ofan electron is given by E = 


2.178 х 


п 

excite ап electron in an hydrogen atom from level 

n= 110272 willbe: 12013] 

(h= 6.62 х 10 3 Jeandc 73.0 х 10 ms!) 

(а) 1214х107т (b) 2.816% 107m 

(c) 6500х107т (0) 8.500x 107m 

The correct set of four quantum numbers for the 

valence electrons of rubidium atom (Z= 37) is: 
12014] 


е (2: 
10718 (5) Wavelength of light required to 


1 1 
@ $9017 0) 540,15 


1 1 
(с) 54185 (d) $0127 


Which ofthe following is the energy ofa possible 


excited state of hydrogen? 12015] 
(a) -34eV (b) +68еу 
(c) +13.6еу (d) -68eV 


A stream of electrons from а heated filaments 
was passed two charged plates kept at a 
potential difference V esu. Ife and mare charge 
and mass of an electron, respectively, then the 
value of h/A (where 2. is wavelength associated 
with electron wave) is given by: [2016] 


31. 


32. 


33. 


34. 


35. 


@) теу O) теу 
(с) теу (d) 2теу 


The radius of the second Bohr orbit for hydrogen 
atomis: 12017] 


(Plank's const. = 6.6262 х 10 Js; mass of 
electron = 9.1091 х 10! kg: charge of electron 
e= 1.60210 x 10- С; permittivity of vaccum 
Ey =8.854185 x 10-2 kg m? A?) 

(a) 165А (b) 4.76À 

(c) 0.529А (d) 2.12À 

The group having isoelectronic species is : 

(а) O*,F,Na', Mg? 12017] 


(d) O^,F, Nat, Mg” 
For emission line of atomic hydrogen from n, = 
8to n,- n, the plot of wave number ( y ) against 


1 
(4) will be (The Rydberg constant, R, is in 


wave number unit) 12019] 


(a) Linear with intercept -Ry 
(b) Nonlinear 

(c) Linear with slope Ry 

(d) Linear with slope - Ry 

For any given series of spectral lines of'atomiic 


hydrogen, let Av be the 


difference in maximum and minimum frequencies 


in стг!. The ratio AF |, / AP pamer 18 
[2019] 

(а) 4:1 (b 9:4 

(c) 5:4 (d) 27:5 

The number of orbitals associated with quantum 

1 

numbers n=5,m,=+ > 12020] 

ап (b) 25 

(c) 50 (d) 15 
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9 


Chemistry 


@ 


© 


© 


@) 


@) 


[2 


Solutions 


cC 


2 excited state will be the 3" energy level. 


ог AunAv- 
4n 


6.62x10 
77 4x3.14%0.025x10> 


28-1 
ms 


Fe (21 24) = 122256 3? 349938 
hence no. of d electrons retained is 6. 


[Two 4s electron areremoved] 

For s-electron, 7-0 

2. Orbital angular momentum 

h 

= 0007-0 

М”, F-andNa* contain 10 electrons each. 
The lines falling in the visible region 
comprise Balmer series, Hence the third line. 


from red would be п, =2, n,=5 i.e. 5 > 2. 


А 663x10?* 
60x10? x10 


mv 


-1.105x10?? = 10? m 


The possible quantum numbers for 47 
electron are 


10. 


и. 


12. 


b) 


(€) 


n-4,1-3,m——3,2 1,0, 1,2,3and 


ОГ various possiblities only option (a) is 
possible. 

Electronic configuration of Cr atom 
(Z=24) = 1522522р6352 3p6 36 4s! 
when /= 1, p-subshell, 

Numbers of electrons = 12 

when /= 2, d-subshell, 

Numbers of electrons = 5 


aora 1-1 J- Loss? 
1 ю 


72-91510 9 шт «91 nm. 
ЁС, Са, 868, „С 
each contains 18 electrons. 


EE 


The energy ofan orbital is given by (л + /) 
rule. (n I) value for option (E) and (D) is 
(3 +2)=5 hence they will have same energy, 
since their values are also same. 


Calculating number of electrons 


3 


——›5+8х3+3=32 | 


[iso-electronic 


Be á 
COZ" — 68342 species 


NO, — 7 48x34 


Structure of Atom 


WWW.JEEBOOKS.IN 


SO} ——э16+8х3+2=42 


соз —>32 species 
коз —>32 
CN —+6+7+1=14 


Му--э7х2-14 
2- 
С —э6х2+2=14=14 


iso-electronic 
| species 


PO} —291548x443- 50 
iso-electronic 


sol 16+8+2 50 species 


СЮд —917*8x441-50 


Ilence the species in option (b) are not 
iso-electronic. 
Angular momentum of an electron in n® 
orbital is given by, 
nh 
mv -— 
2n 
For п = 5, we have 
Angular momentum ofelectron 


(о 


(isoelectronic) 

(d) Ba*=$6-2=54e", S?—38-2-36- 
K^-19-1- 18e, Ca?-20-2- 18e 

(not isoelectronic) 


(а) n3, 17 0 means 3s-orbital and 
n+1=3 
(b) n=3,1=1 means 3p-orbital n+ 174 
(с) n=3,/=2 means 3d-orbital n+ /=5 
(d) n=4,1=0 means 4s-orbital n +/=4 
Increasing order of energy among 
these orbitals is 
3s«3p «4s « 3d 
. 3d has highest energy. 


Species having same number of electrons. 
are isoelectronic. Calculating the number 
ofelectrons in each species given here, we 
get. 

CN^(6*7*1-14; №,(7+7= 14); 
02-(8+8 +2 18);С2-(6+6+2=14); 
О; (8+8+1= 17); NO* (74 8-1-14) 


25h С0(6+8= 14); NO(7 - 8-15) 
л From the above calculation we find that all 
15. (а) Givenm=9.1 х 10?! kg the species listed in choice (b) have 14 
h=6.6 x 1034 electrons each so it is the correct answer. 
00.008 19. (d) (AE), The energy required to excite an 
———— -0.003 ms electron in an atom of hydrogen from n= 1 
Lou тол - 2is AE (difference in energy E, and 
From Heisenberg's uncertainity principle E) 5 
^ 6.62x10 %4 Values of E, and E, are, 
"ub __.. 
4x3.14 x 0.003 x9.1x 107! 1312x105 х1)? 
-192*10?m E= ор 
a) М-=7+3=10е 
EU Ea E 3.28 105] mol 
OF 8 +2= We AE is given by the relation, 
Ee gril Mes 1.312% 107 mol! 


82---31642-186- 
(not iso electronic) 
2e, Na'-11-1-710e, 


20-2= 182 (not isoelectronic) 


Ес 

7L AE-E,-E, =[-3.28 x 10 
[-1312 x 105] Jmol 

(-3.28 x 105 + 1.312 х 105) J mol! 


9.84 х 105 J mol * 
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Chemistry 


=3.97х 10m =0.397nm 


According to Heisenberg uncertainty 
principle. 
h 


Axm^vy = dE. 
4n 


H х= 
AnmAv 
Here Ay = 9009008 que 
100 
E 
So, Ах- — — 
4x3.14x9.1x 107! x 0.03 25. © (4) 4p (B) 4s 
=1.92 x 103m (О за (D) 3p 
Energyrequired to break single Cl — Cl bond Accroding to Bohr Bury's (n + /) 
ХИЙГ 8 rule, increasing order of energy 
Qmm. Be (D) (B) - (C)« (4). 
6.023 x1 }. 


B MOTE If the two orbitals have same 
34. 8 MÀ р А 
_ 6:626 х10 < x3x10 value of (n+ /) then the orbital with lower 
X value of» will be filled first. 
6626x109 3x 108 x6.023x1023 26. () Among isoelectronic species ionic radii 
ee NR increases as the negatives charge 


Ч 
Мө increases. 
эрдэнэ Om =44 S Order of ionic radii Са? < K* <C< S% 
2 А The number of electrons remains the same 
13.6еу EU 


but nuclear charge increases with increase in 
theatomic number causing decrease in size. 


ad -0 27. @) AE szara" р к 
Given 4,7196» 10", 2-2, ОТОГ 
n,=1,Z,=3andn,=1 pr Ё 
Substituting these values in equation (ii). 6.62 x10 : х3х10 
Qe 6.62 x 1073 x 3x 108 х4 
2 2.78x1075 x3 

ог һ=-196х1071#х> -1214* 107m 

к 4 28. (а) The electronic configuration of Rubidium 
-—441 x 107 аот (Rb-37)is 
For He* 


1522522 3523 реЗа!9 452 4 55! 
Since last electron enters in 55 orbital 
1 


Непсел=5,/=0,т=0,5— 
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d ” Comparing to y = mx + c, we get 
29. 00 Total energy= -É zuv машы E 
5E 


where n=2, 3,4... x and m= – К, (slope) 
Putting n=2 

136 34. 0) VAE 
E= ae =-3.4eV For H-atom 


30. (b) Aselectron of charge ‘e’ is passed through 
*V' volt, kinetic energy of electron will be 


ev 
Wavelength of electron wave (2) ForLymanseriónf 
Баг ыг П 
“УткЕ Sim) =126(1-1) 
h 


V(min) 213. 4-1) 
31. (d) Radius of n'' Bohr orbit in H-atom 


.53 тА р 5 s -14(1| 

Radius of II Bohr orbit=0.53 х (2)? dium 
=212A В 
32. (a) soelectronic species have same no. of. Por almer series, 
electrons. = 3 «1 1 
ions O- Е Na Mg* uci PE 
8-2 9+1 11-1 12-2 

No.ofe — 10 10. 10 10 PER 1 1 
therefore — O^, Е, Ма, Mg v(min) = 1413) 


are isoelectronic 
33. (d) As we know, 


: ) Z (where, Z= 1) 


(1 
т-а 
Сы AY, 9 
After putting the values, we get ——— € 


AV Balmer. 4 


35. (b) The possible number of orbitals in a shell 
in term of ЭГ isi 
уп=5;=25 
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Classification of 
^| Elements and | 
Periodicity in Properties 


According to the Periodic Law of elements, the 

variation in properties of elements is related to their 

(a) nuclear masses 12003] 

(b) atomic numbers 

(c) nuclear neutron-proton number ratios 

(d) atomic masses 

Which one of the following is an amphoteric 

oxide? 12003] 

(а) Na,O (b) SO, (c) BO, (d) ZnO 

Which one of the following ions has the highest 

value of ionic radius? 12004] 

(8) O^ (b BY (с) Li (d) F 

Among ALO,, SiO,, P,O, and SO, the correct 

order of acid strength is 12004] 

(а) ALO; «Si0,- SO, « PO, 

(b) SiO,« SO, -ALO; < P,O, 

(с) SO;- Р,0,<510, « ALO, 

(d) Al,0,<Si0,< P,0,« $0, 

The formation of the oxide ion 02 (g) requires 

first an exothermic and then an endothermic step 

as shown below 12004] 

O(g)+e =O (в) АН? =-142 kJmol! 

O^ (в)+е =О? (в) AH? =844 kJmol! 

This is because 

(8) O-ion will tend to resist the addition of 
another electron 

(b) Oxygen has high electron affinity 

(c) Oxygen is more elecronegative 

(d) O^ ion has comparatively larger size than 
oxygen atom 

Which of the following oxides is amphoteric in 

character? 12005] 

(a) SnO, (b) SiO, (c) CO, (d) GO 


9. 


J? 


In which ofthe following arrangements, the order 

is NOT according to the property indicated 

againstit? [2005] 

(a) LicNa<K<Rb: 

Increasing metallic radius 

(b) I<Br<F<Cl: 

Increasing electron gain enthalpy 
(with negative sign) 

() B<C<N<O 
Increasing first ionization enthalpy 

(d) APY «Mg?* < Nat < F- 

Increasing ionic size 

Following statements regarding the periodic 

trends of chemical reactivity of alkali metals and 

halogens are given. Which of these statements 

gives the correct picture? [2006] 

(a) Chemical reactivity increases with increase 
in atomic number down the group in both 
the alkali metals and halogens 

(b) Inalkali metals the reactivity increases but 
in the halogens it decreases with increase 
in atomic number down the group 

(c) Thereactivity decreases in the alkali metals 
but increases in the halogens with increase 
in atomic number down the group. 

(d) In both, alkali metals and halogens- 
chemical reactivity decreases with increase 
in atomic number down the group 

In which of the following arrangements, the 

sequence is not strictly according to the 

property written against it' 12008] 

(а) HF<HCI<HBr, НІ: increasing cid strength 

(b) МН, <РН, <А, <SbH, : increasing basic 
strength li 

(c) В<С<0< М: increasing first ionization 
enthalpy 

(d) CO, < МО, < SnO, < PbO, : increasing 
oxidising power 


Classification of Elements and ав, 


10. 


The correct sequence which shows decreasing 

order of the ionic radii of the elements is 
12010] 

(à АВ? > Ма2* > №? >Е > 02- 

(b Nat >Mg?* > ABY >02 >F 

() Nat >F >Mg** >0? > art 

(@ O7 >F > Na* > Mg”* > AP* 

The correct order of electron gain enthalpy with 

negative sign of F, Cl, Br and 1, having atomic 

numbers 9, 17, 35 and 53 respectively, is : 


[201185] 
(a) Е>СІ>Вг>1 (b) С!>Е>Вг>1 
© Вг>Сї>1>Е (d I>Br>Cl>F 


Which of the following represents the correct 
order of increasing first ionization enthalpy for 
Ca, Ba, S, Seand Ar ? 12013] 
(а) Са <5 <Ва <5с <Аг 

(b) S<Se<Ca<Ba<Ar 

(c) Ва<Са<5е<5 «Ar 

(d) Ca<Ba<S<Se<Ar 

The ionic radii (in A) of N>, O% and F- are 
respectively : [2015] 
(а) 1.71. 1.40and 1.36 

(b) 1.71, 1.36and 1.40 

(c) 1.36,140and 1.71 

(d) 1.36, 1.71 and 1.40 


Answer Key 


14. 


[e] 


KS.IN 


róperties 


c-15 


Which ofthe following atoms has the highest 
first ionization energy? 12016] 
(a) К (b Sc 
(с) Rb (d) № 


In general, the properties that decrease and 
increase down a group in the periodic table, 
respectively, are: 12019] 
(a) atomic radius and electronegativity. 

(b) electron gain enthalpy and electronegativity. 
(c) electronegativity and atomic radius. 

(d) electronegativityand electron gain enthalpy. 
The element having greatest difference 
between its first and second ionization 


energies, is: 12019] 
(a) Ca (b Se 
(c) Ba оок 


The electron gain enthalpy (їп kJ/mol) of 
fluorine, chlorine, bromine and iodine, 
respectively, are: 12020] 


(а) —296,—325,—333 and 349 


(b) —349,—333 and—296 
(c) -333,-349, and -296 
(d) —333,-325, 349 and 296 


nun 
(d) | (а) | (4) | © | 0) (3 | () | (б | @ | 0) 
LE JL шин шин шан шин шин шан шин 


cC Solutions 


2j 


(b) According to modern periodic law, the 
properties of the elements arc repeated after 
certain regular intervals when these 
elements are arranged in order of their 
increasing atomic numbers. 

(d) Ма,О (basic), SO, and В,О, (acidic) and 
ZnO is amphoteric. 

(а) O^ and Fare isoelectronic (1067). Hence 
have same number of electron but different 
number of proton, Г- has 9 proton whereas 
O?- has 8 proton. Therefore F- has greater 


So О? 


nuclear charge compared to 
will have greater ionic radius, i.e. 
OF >F 
Further Li* and B* are also isoelectronic 
(2e-) therefore, no. of proton in Li is 3 and 
in Bis 5, So, 
Lit > BY 
Hence, the correct order of atomic size is 
O? >F->Li*> BY 
Therefore, O has the highest value of 
ionic radius. 


с-16 
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@) 


@) 


(c) 


b) 


b 


As the size decreases the basic nature of 
oxides changes to acidic nature i.e., acidic 
nature increases. 
SO,>P,0,> 80, 

Acidic 
SO, and P,O, are acidic as their 
corresponding acids H,SO, and H,PO, are 
strong acids. 
Ог ion exerts a force of repulsion on the 
incoming electron. The energy is required 
to overcome it. 
CaO is basic as it forms strong base Ca(OH), 
on reaction with water. 

CaO + H,O——> Ca(OH), 
, is acidic as it dissolves in water 
forming unstable carbonic acid. 
H,0 * CO, — — HCO, 
Silica (SiO,) is insoluble in water and acts 
asa very weak acid. 
SnO, is amphoteric as it reacts with both 
acid and base. 
SnO, *2H,80,— — Sn(SO,), +29,0 
SnO;- 2KOH — — K,SnO, - HO 
Ina period the value of ionisation potential. 
increases from left to right with breaks 
where the atoms have somewhat stable 
configuration. In the given list N has half-filled 
stable orbitals. Hence N has highest 
ionisation energy. Thus the correct order is 
B<C<O<N 

and not as given in option (c) 
Thealkali metalsare highly reactive because 
their first ionisation potential is very low 
and hence they have great tendency to 
give up electron to form unipositive ion. 


>Al,0, 
Weak acidic Amphoterie 


Ё NOTE On moving down in group 1 from 


Li to Cs, ionisation enthalpy decreases 
hence the reactivity increases. The 
halogens are most reactive elements due 
to their low bond dissociation energy, high 
electron affinity and high enthalpy of 
hydration of halide ion. However, their 
reactivity decreases with increase in atomic 
number. 

In hydrides of 15th group elements, basic 
character decreases on descending the 
group i.e. 

NH, > PH, > AsH, > SbH;. 


10. 


12. 


14. 


16. 


17. 


@ 


b) 


(e) 


[2] 


b) 


[3] 


@ 


[2] 


Chemistry 


All the given species contains 10 e” each 
i.e. isoelectronic. For isoelectronic species 
anion having high negative charge is 
largest in size and the cation having high 
positive charge is smallest. 
As we move down in a group, electron gain 
enthalpy becomes less negative because 
the size of the atom increases and the 
distance of added electron from the nucleus 
increases. Negative electron gain enthalpy 
of F is less than Cl. This is due to the fact 
that when an electron is added to F, the 
added electron goes to the smaller n = 2 
energy level and experiences significant 
repulsion from the other electrons present 
in this level. In Cl, the electron goes to the 
larger n =3 energy level and consequently 
occupies a larger region of space leading 
to much less electron-electron repulsion. 
So the correct order is 

СІ>Е>Вг>1. 
On moving down a group size increases, 
hence ionisation enthalpy decreases. 
Hence Se «S and Ba < Ca. Further, Ar being 
ап inert gas has maximum IE. 
For isoelectronic species, size of anion in- 
creases as negative charge increases. Thus 
the correct order is (a). 
Alkali metals have the lowest ionization 
energy in each period, on the other hand 
Sc is a d- block element. 
Transition metals have smaller atomic radii 
and higher nuclear charge leading to high 
ionisation energy. 
Generally, electronegativity decreases down 
the group as the size increases. This can 
also be formulated as: 


1 
Electronegativity = —— 
8 d size 


Alkali metals have high difference in the 
first and second ionisation energy as they 
achieve stable noble gas configuration 
айсг first ionisation. 

Chlorine has highest electron gain 
enthalpy (most negative) among the given 
elements, the electron gain enthalpy 
decreases down the group i.e., moves to 
least negative. 


4. 


WWW.JEEBOOKS.IN 


Chemical Bonding 
and Molecular 


Structure 


In which ofthe following species the interatomic 
bond angle is 109° 28"? 12002] 


(a) NII}, Bry (b) NIĄ, DI 


(c) NH, BF, (d) NHz,BF, 
Which of the following are arranged in an 
increasing order of their bond strength? [2002] 
(а) 0,<0,<0}<O} 

(b OF <0, <0,<05 

(0 0,< 0} <0,<05 


(d 0;<0,<0,<05 
Hybridisation of the underline atom changes in: 


(a) AIH, changes to AIH; 12002] 


(b) Н.О changes to H,O* 


(c) NH; changes to NH; 

(d) inall cases 

An ether is more volatile than an alcohol having. 

thesame molecular formula. This is dueto 
12003] 

(a) alcohols having resonance structures 

(b) inter-molecular hydrogen bonding in ethers 

(c) inter-molecular hydrogen bonding in 

alcohols. 

(d) dipolar character of ethers 

Which one of the following pairs of molecules 

will have permanent dipole moments for both 

members? [2003] 

(a) NO,andCO, (b) NO, and, 

(©) SiF,andCO, (d) SiF,and NO, 


j2 


Which one of the following compounds has the 

smallest bond angle in its molecule? [2003] 

(a) OH, (b) SH, (с) NH, (d) SO, 

The pair of species having identical shapes for 

molecules of both species is 12003] 

(а) XeF,,CO, (b) BF, PCI, 

(c) PF, IF (d) CF, SF, 

The correct order of bond angles (smallest first) 

in HS, МН, BF, and SiH, is [2004] 

(а) H,S<NH, <SiH,<BF, 

(b) NH,<H,S<SiH,<BF, 

(c) H,S<SiH,<NH,<BF, 

(d) H,S<NH,<BF,<SiH, 

The bond order in NO is 2.5 while that in МО" is 3. 

Which of the following statements is true for 

these two species ? 12004] 

(а) Bond length in NO* is equal to that in NO 

(b) Bond length in NO is greater than in NO* 

(c) Bond length in МО” is greater than in NO 

(d) Bond length is unpredictable 

The states of hybridization of boron and oxygen 

atoms in boric acid (H,BO,) are respectively 
[2004] 

(a) sp? and sp? (b) sp? and sp? 

(c) зр? and sp? (d) sp? and зр? 

Which one of the following has the regular 

tetrahedral structure ? 12004] 

(а) BF, 


(b) SF, 


(c) XeF, (d [NW(CN) 4 
(Atomic nos. : B= 5, S= 16, Ni=28, Xe=54) 


c-18 
12. 


18. 
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The maximum number of 90° angles between 
bond pair-bond pair of electrons is observed in 
(а) dsp? hybridization 12004] 
(b) spid hybridization 

(c) ар? hybridization 

(d) эрЁ hybridization 

Lattice energy of an ionic compound depends 
upon 12005] 
(a) Charge on the ion and size of the ion 

(b) Packing ofions only 

(c) Size of the ion only 

(d) Charge on the ion only 

Which of the following molecules/ions does not 
contain unpaired electrons? 12006] 


() Nj Ы О, (9 OF @ B 
In which ofthe following molecules/ions are all 
the bonds not equal? 12006] 
(a) Хе, (b) BF; (c) SF, (d) 8Е, 


The decreasing values of bond angles from NH, 
(106°) to SbH, (101°) down group-15 of the 
periodic table is due to 12006] 
(a) decreasing /p-bp repulsion 

(b) decreasing electronegativity 

(c) increasing bp-bp repulsion 

(d) increasing p-orbital character in sp? 
Which of the following species exhibits the 
diamagnetic behaviour? [2007] 
(à) NO (5 OF © O; (d O, 
The charge/size ratio оГа cation determines its 
polarizing power. Which one of the following 
sequences represents the increasing order of 
the polarizing power of the cationic species, K*, 
Са?” Мад”, Be?? 12007] 
(а) Сам: «Be* -K* 

(b Mg?*<Be?<K*<Ca?* 

(c) Ве <К < Са? <Mg” 

(d) K*«Ca* «Ма! < Be” 

In which ofthe following ionization processes, 
the bond order has increased and the magnetic 
behaviour has changed? [2007] 
а) NN} (b C,2.Ci 


(c) NO NO* (d) 0,20; 


20. 


21. 


22. 


23. 


24. 


Chemistry 


Which of the following hydrogen bonds is 


strongest? 12007] 
(a) O-H---F (b O-H---H 
(©) F-H---F (d) O-H---O 
Which one of the following pairs of species 
have the same bond order? [2008] 
(a) CN-andNO* | (b) CN-andCN* 


(с) O;andCN (d) NO*and CN* 
The bond dissociation energy of B-— Е in BF, is 
646 К mol-!, whereas that of C —Е in CF, is 515 
KJ тог! The correct reason for higher B — F 
bond dissociation energy as compared to that of 
СЕ bondis [2008] 
(a) stronger c bond between B and F in BF, as 
compared to that between C and F in CF,. 
significant рт — pr interaction between В 
and F in ВЕ, whereas there is no possibility 
of such interaction between C and F in СЕ, 
lower degree оЁрл— pr interaction between 
Band F in BF, than that between C and F 
їп СЕ, 
smaller size of B- atom as compared to that. 
of C— atom. 
Using MO theory, predict which ofthe following 
species has the shortest bond length? [2008] 
@ 05 (5 05 © oi @ oF 
The number of types of bonds between two 
carbon atoms in calcium carbide is: [201188] 
(а) Onesigma, опері (b) Twosigma, one pi 
(с) 
ortho-Nitrophenol is less soluble in water than 
p- and m- nitrophenols because : 12012] 
(8) o-Nitrophenol is more volatile steam than 
those ofm- and p-isomers. 


(b) 


(e) 


(d) 


Twosigma, twopi (d) Onesigma, two pi 


o-Nitrophenol shows intramolecular 
H-bonding 

(с) o-Nitrophenol shows intermolecular 
H-bonding 

Melting point of o-nitrophenol is lower 
than those of m- and p-isomers. 


Chemical Bonding and Molecular Son 
26. 


27. 


28. 


29. 


30. 


31. 


32. 


33. 


In which of the following pairs, the two species 
are not isostructural ? 12012] 


(а) CO} and NO; (b) PCI; andSiCl, 


(c) PF, and BrF, (d) AIF; and SF, 


Which one of the following molecules is 

expected to exhibit diamagnetic behaviour ? 
12013] 

@ C ON © О, @ S 

Which of the following is the wrong statement 
[2013] 

(a) ONCland ОМОГ are not isoelectronic. 

(b) О, molecule is bent 

(c) Ozoneis violet-black in solid state 

(d) Ozone is diamagnetic gas. 

In which of the following pairs of molecules/ 

ions, both the species are not likely to exist ? 

12013] 
(b) Hz.Hei- 
(d) Hz;.Hej* 


(à H3,He}- 
© H3',He; 


Stability of the species Li, Lig and Liz 


increases in the order of : 12013] 


(2) Li«Lij«Li; (b) Li; «Lij «Li; 

(c) Lij«Li;«Lij (d) Li; «Li, «Li? 

Which one of the following properties is not 

shown by NO? 12014] 

(a) Itis diamagnetic in gaseous state 

(b) Itisneutral oxide 

(c) Itcombines with oxygen to form nitrogen 
dioxide 

(d) Its bond order is 2.5 

The spe 


in which the N atom is ina state of 
sp hybridization ів: [2016] 
(a) NO; (b) NO, (с) NO} (d) NO; 


Which of the following species is not 
paramagnetic ? 12017] 
@ NO (b CO (00, (d B, 
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34. 


36. 


37. 


38. 


40. 


4l. 


According to molecular orbital theory, which of 
the following will not be a viable molecule? 
[2018] 
(а) не (b He} (с) Hy (d Hj 
Which of the following compounds contain(s) 
no covalent bond(s)? [2018] 
KCl, PH, О, B,H,, H,SO, 
(à KCLB,H,PH, (b) KCI,H,SO, 


(c) KCl (d) KCI, B,H, 

Total number of lone pair of electrons in 1; ion 
is: [2018] 
аз 06 (909 @ р 


According to molecular orbital theory, which of 
the following is true with respect to Li,* and Li? 


12019] 
(a) Li? is unstable and Li; is stable 


(b) Lijis stable and Li; is unstable 

(c) Both are stable 

(d) Bothare unstable 

Among the following, the molecule expected to 
be stabilized by anion formation is: С, О, NO, 
F, 12019] 


а) C, (b F (с) NO (d O, 

The dipole moments of CCI,, CHCI, and CH, 

are in the order: 12020] 

(а) CHCl,«CH,-CCI, 

(b) CCI,«CH,«CHCI, 

(c) CH,«CCI,« CHCI 

(d) CH,-CCI,«CHCI, 

The theory that can completely/properly explain 

the nature of bonding in [Ni(CO),] is: [2020] 

(а) Werner's theory 

(b) Molecular orbital theory 

(c) Crystal field theory 

(d) Valence bond theory 

The relative strength of interionic/ 

intermolecular forces in decreasing order is: 
12020] 

(a) dipole-dipole > ion-dipole > ion-ion 

(b) ion-dipole- ion-ion > dipole-dipole 

(с) ion-dipole > dipole-dipole > ion-ion 

(d) ion-ion > ion-dipole > dipole-dipole 
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(Б) | (а) (c) (b) (b | (а) 
19 | 20 | м | 22 | 3 | м4 
11 


(а) 


(а) | (9) 


(d) 


(a, b) 


31 
[2] 
cC Solutions 25 
1. @ InNH,and BF; , the hybridisation is 5р? (a) ForAIH,, 
and the bond angle is almost 109928. a 
p Ko2s d 25 с2р? 


5 


25 


1 
Bond order = — (8-3)- 
O,(16) - KK o2 c 
тор} 


2p’ 


apio gap! 
n2p?n'2p!=n"2p! 


Bondorder= + (8-4 
0, (17) -KK 62: 


1 
Bond order = 2 (8#-— 
0, (18)=KKo2 
Wp? - n2p тэр, 


1 
Bond order= —(8-6)- 1 


NOTE. As we know that as the bond order 


3 @ 


decreases, stability also decreases and 
hence the bond strength also decreases. 
Therefore the correct order of their 
increasing bond strength is 


or < 0, « о, < о; 


| No. of electrons) 


Hybridisation = = | | in valence * 


юе 


shell of atom 


(No.ofmonovalent) f Charge on) | 


atoms around it 7 (cation 
(Charge on) 


anion 


(b) 


(c) 


Hybridisation ofAlatom = 4p +3-0+0] 


For AIH, 


Hybridisation of Al atom = 


For HO, 
Hybridisation of O atom 


= НО 0+0] =4 —sp 


For H,O*, Hybridisation оГО atom 
1 3 

= 316+3-1+0] =4 =sp 

For NH,. 


Hybridisation of N atom 


= 11593-05 0] =4 = 


For МН; Hybridisation of N atom 


544-1«0] -4 =s 


Thus hybridisation changes only in 
option (a). 

In ether, there is no H-bonding while 
alcohols have intermolecular H-bonding. 
Both NO, and O, have angular shape and 
hence will have net dipole moment. 
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€ b 


In H,S, due to low electronegativity of 
sulphur the / p. - /,р. repulsion is more than 
b.p. - b.p. repulsion and hence the bond 
angleis minimum. 
80, 

119.5° 


HO HS NH, 


Bondangle 104.5° 925? 106.5° 


Both XcF, and CO, havea linear structure. 
F—Xe—F 0-С-0 
The order of bond angles 


ВЕ; > SiH, > NH, > H3S 
120  109"28 107° 92.5° 


Now since bond order of NO* (3) is higher 
than that of NO (2.5). Thus bond length of 
NO" will be shorter. 


13. (а) 


14. (©) 


11. (а) XeF, p? d^, square planar), 
[Ni(CN)4 27 (dsp?, square planar ), 
BE, (sp*, tetrahedral), SF, (sp'd, see saw 
shaped) 
15. © 
12. @ 


E 


dsp? hybridisation 
Number of 90° angle 
between bonds = 4 


sp*d or dsp? hybridisation 
Number of 90° angle 
between bonds = 6 


sp'd* Hybridisation 
Number of 90° angle between bonds = 12 
The value of lattice energy depends on the 
charge present on the two ions and the 
distance between them. 
The distribution of electrons in MOs is as 
follows : 
N; (electrons 13) 


KKo2s*o*2s7o2 p?n2p? = n2p| 


O, (electron 16)= KK с 25? в 2s* 5 2p 
n2p?=n2p,?x'2p!=n'2p! 


О2 (electron 18) = KK 025^ 6 2° 2р 


p= n2p? трет 
B, (electrons 10) 

KK o25 625 2p! -л2р! 
Only OZ does not contain any unpaired 
electron. 
In SF, the hybridisation is sp'd and the 
shape of molecule is 


axial 


It contains two different bonds i. 
and equatorial. 


с-22 


16. 


17. 


18. 


19. 


20. 


21. 
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(b) The bond angle decreases on moving down 05(8+8+1=17); CN (6741-14) 
the group due to decrease in bond pair- NO"(7+8—1=14); CN (671-12) 
bond pair repulsion. 1 We find CN- and NO* both have 14 
NH, PH, AsH, SbH, BiH, electrons, so they have same bond order. 
цэгээс” 
22. NOTE The delocalised рл – рл bonding 
Ё MOTE This can also be explained due o ит им | Ч 
: as between filled p-orbital of F and vacant p- 
to decrease in electronegativity from N to orbital of B leads to shortening of B — F 
Bi. bond length which results in higher bond 
(b) Diamagnetic species have no unpaired dissociation energy of the B — Е bond. 
electrons whereas paramagnetic species 
has one or more unpaired electrons. 
For electronic configuration of О}, O, and F 
OF, consult Q. 2. х ч d 
О, and О; have 2 and 1 unpaired electron » 
respectively, while O7 has no unpaired Ч AA 
electron 
C 2*22, Vacant. Filled 
Noct нэ 923 2p-orbital 2p-orbital 
2p? = п2р2 n*2p! = of B of F 
(unpaired electron) Ё, " 
@ Smaller the sizeand higher thecharge, more. ЕЕЕ 
will be the polarising power of the cation. " / i Ё 
Since the order of the size of cation is 
К? > Ca?* > Ма?” > Be”, so the correct E 
order of polarising power is BN 
K* < Ca? <Mg” < Be” Р: B 
1 : : F 
(c) (a) N,:bond order 3, diamagnetic 23. (@ Bond order= 
:bond order 2.5, paramagnetic “Gat biti cian нынан нг 
©) са ы аара por bonding herons олгон аша 
C; : bond order 1.5, paramagnetic Te 
(c) NO: bond order 2.5, paramagnetic Bond order in OF = ; 725 
МО”: bond order 3, diamagnetic 5 
(d) O,:bond order 2, paramagnetic Bond order in 03 = m 215 
О} : bond order 2.5, paramagnetic 5 
5 «a2 10-8 
© B NOTE Greater the difference between Bond order in O5 
electronegativity of bonded atoms, z 
stronger will be bond. Since F is most Bond order in 03" = 
electronegative, hence F — H ...... F is the 
1 
strongest bond. Since, bond order к —— ——— 
(8) Forany species to have same bond order Bond length 


we can expect them to have same number 
of electrons. Calculating the number of 
electrons in various species. 


- Bond length is shortest in O3* . 
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24. (d) Calcium carbide exists as Са? and C>. 
According to the molecular orbital model, 
CÈ should have following molecular orbital 
configuration : 
КК 02° o*2s* 
п2р2= т2р} o2p: 
Thus М.О. configuration suggests that it 
contains one с & two x bonds. 


25. (b) Compounds involved in chelation become 
non-polar. Consequently such compounds 
are soluble in non-polar solvents like ether, 
benzene etc. and are only sparingly soluble 
in water, whereas meta and para isomers 
are more soluble in water & less soluble in 
non-polar solvents. 

Intra-molecular 
PA H-bonding 
af 
So 
26. (c) РЕ, is trigonal bipyramidal 
| 
Е 
n 
| “Ж 
F 
BrF, is square pyramidal (distorted) 
F 
NL p 
F^ (Уг 


27. (a,b) The molecular orbital structures of C, and 
N,are 
N, -KKo2s! с*252л2р> = п2р2 o2p? 


С, -KKo2s! 0*2. nap, 


2р) 
Both N, and C, have paired electrons, 
hence they are diamagnetic. 

28. (N) Alloptions are correct, 


not 


(a) ONCI 284717 23267 : 
electronic 


ОМОГ =8+7+8+1=24е 


29. 


30. 


31. 


(5) 


(с) 
(9 


© 


[2] 


@) 


с-23 
AO элвд° The central atom is 
OA ue Wo sp hybridised with 


one lone pair. 
It is a pale blue gas. At — 249.7", it forms 
violet black crystals. 
It is diamagnetic in nature due to absence 
of unpaired electrons. 
Hy=ols°o* 1s" 

29 
Bond order for Hy = (0—0) =0 
He,-cls'o*lg 
1 
50-2-0 
So both Н2 and He, do not exist. 


Bond order for He, 


Li, =0l o* 1s? 02° 


1 
s Bond order=5(4 2) 1 


Li;-cls'o*15! o2s! 


1 
20 2 
BO. 28 2) 05 


Li, = ols 05142025 0524! 


Bo.-j4 3 05 
The bond order of | Li} and 


Li, is same but 
Liz is more stable than Li; because Li? i 
smaller in size and has 2 electrons in 
antibonding orbitals whereas Li; has 3 elec- 
trons in antibonding orbitals. Hence Li? is 
more stable than Li,. 1 
Nitric oxide is paramagnetic in the gaseous 
state because of the presence of one 
unpaired electron in its outermost shell. 
The electronic configuration of NO is 


бККв?2» 925 2p? лор? 

= 12 рп*2р! = п®2р) 
Hybridisation (Н) = [No. of valence 
electrons of central atom + No. of 
monovalent atoms attached to it + (үс 
charge if any) ~(+ve charge ifany)] 
NO; = i.e. sp hybridisation 


i.e. sp? hybridisation 
i.e. эр? hybridisation 
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2. Total number of lone pair of electrons is 


9 


с-24 Chemistry 
The Lewis structure of NO, shows a bent 37. (c) Electronic configuratios of Li? and Li;: 
molecular geometry with trigonal planar Lit :ols'o*1s 025! 
electron pair geometry hence the hybrid- 18:0120"12 02205241 
ization will be sp”. 

33. b) 9%, 

(à) NO One unpaired electron is present in Bond order of Lit 
т* molecular orbit, hence paramagnetic. 5 
(b cod) 1 
Р мас 5 Bond order of Li; = 5 (4-3)= 7 
KKo25^12 р? = 22 pio2 plo*25 Е 
Ч Чи мэс Р Here, both Li? and Li; have positive bond 
lo unpaired electron, hence diamagnetic. order, thus both are stable. 
© 0,09» 38. (а) Configuration of C; 
ККо2526*25262 p! n2 p? = n2p!n*2pl = п*2р! g » 5 x 
PaP RE цг Py = 01520*152 62s76*2s? n2p2 = л2р} 
Two unpaired electrons, hence paramagnetic. 
OQ Configuration of C; 
(d) B,(10) ЭКК о25?с*252л2рі = 22 p, 7 
2 2 2 2 2 2 1 
B, contains two unpaired electrons, hence = 01870187 c2s^ 672s" n2p; = л2ру o2p! 
paramagnetic Bond order 
34. @ _ No.of bonding e^ — No.of antibonding e^ 
Species No. ofe's Elec. conf. Bond order E 2 
Hef (4-1=3) ава C, has s-p mixing and the HOMO is z2p, = 
5 Poss 72p, and LUMO is o2p., So, the extra 
H; 0+1=3) ooh electron will occupy bonding molecular 
ibi orbital and this will lead to an increase in 
Hio 0+2=4) 6,20) bond order. 
C; has more bond order than С, 
не* (4-222) 9, 39. (d Hcci = Hcn = 0 due to symmetrical 
Molecule having zero bond order will not structure but цене * 0. So dipole 
bea viable molecule. €—— 

35. (c) KClis an ionic compound while others i 
(PH,, О„ B,H,, and H,SO,) are covalent CHCI, > CH,- ССІ, ) 
рош: 2 40. (b) The covalant character of the bonding 

(M - C c and M – C л bonding) which 
36. exists between the metal and the carbon 
atom of the CO can only be explained by 
the molecular orbital theory. 
4l. (d) Amonggiven intermolecular forces, ionic 


interactions are stronger as compared to 
van der Waal interaction 

Thus, correct order is ion-ion > ion-dipole 
> dipole-dipole. 


Lad 


5 


т 


> 


т 
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For an ideal gas, number of moles per litre in 
terms of its pressure P, gas constant Ё and 


temperature Тїз 12002] 
(а) РК (b) РКТ 
(c) PART (d) RTP. 
Value of gas constant R is 12002] 


(a) 0.082 litreatm 

(b) 0.987cal то! K^! 

(c) 83Jmol! K^?! 

(d) 83erg mol"! K7. 

Kinetic theory of gases proves 12002] 
(a) only Boyle’s law 

(b) onlyCharles' law 

(c) only Avogadro's law 

(d) allofthese. 

According to the kinetic theory of gases, in an 
ideal gas, between two successive collisions a 
gas molecule travels [2003] 
(а) ina wavypath 

(b) inastraight line path 

(c) withan accelerated velocity 

(d) ina circular path 

As the temperature is raised from 20°C to 40°С, 
the average kinetic energy of neon atoms 
changes by which factor ? 12004] 


2277 (b 413/293) 
СИА @ 2 


In уап der Waals equation of state of the gas 
law, the constant ‘b’isa measure of [2004] 
(a) volume occupied by the molecules 

(b) intermolecular attractions 

(c) intermolecular repulsions 

(d) intermolecular collisions per unit volume 


`D 


Which one ofthe following statements is NOT 
true about the effect ofan increase in temperature 
on the distribution of molecular speeds in a gas? 
12005] 
(8) The area under the distribution curve 
remains the same as under the lower 
temperature. 
(b) The distribution becomes broader 
(c) The fraction ofthe molecules with the most 
probable speed increases 
(d) The most probable speed increases 
If 10-4 dm? of water is introduced into a 1.0 dm? 
flask at 300 К, how many moles of water are in 
the vapour phase when equilibrium is 
established ? [2010] 
(Given : Vapour pressure of H,O at 300 К is 3170 
Ра; R=8.314 JK- mol) 
(а) 5.56x103mol (Ы) 153 x 102mol 
(c) 446x l02mol (d) 127х102 mol 
When r, P and M represent rate of diffusion, 
pressure and molecular mass, respectively, then 


the ratio of the rates of diffusion (r4 /75) of 
two gases А and В, is given as I2011RS] 
(а) (P,/ P) Mg | Mj)? 
(Ы) (P, P9) ^ (Mg 1 M4) 
© (P4 P9) M a1 Mg)? 


(d) (P,/ P5) (M 4 / Mg) 


c-26 
10. 
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The molecular velocity ofany gas is : [2011 RS] 


(8) inversely proportional to absolute 
temperature. 
(b) directly proportional to square of 
temperature. 
(c) directly proportional to square root of 
temperature, 
(d) inversely proportional to the square root 
of temperature. 
The compressibility factor for a real gas at high 
pressure is : 12012] 
@ 14 8T (b) 1 
Pb 
Pb : Pb 
© leur @ lap 


For gascous state, if most probable speed is 
denoted by C*, average speed by C and mean 
square speed by C, then for a large number of 
molecules the ratios of these speeds are: 

12013] 
c 


(a) 
(b) 
(c) 
(4) : 
If Z is a compressibility factor, уап der Waals 
equation at low pressure can be written as: 


[2014] 
RT a 
Z=1+— Z=1-—_ 
(a) di (b) T 
Ph Pb 
0 Zo Z=14+— 
© э (d) Ux 


The ratio of masses of oxygen and nitrogen in а 
particular gaseous mixture is 1 : 4. The ratio of 
number of their molecules is: 12014] 
(а) 1:4 (b) 7:32 (0 3:16 


1:8 (d) 


Answer Key 


15. 


16. 


17. 


The intermolecular interaction that is dependent 

on the inverse cube of distance between the 

molecules is : [2015] 

(a) London force 

(b) hydrogen bond 

(c) ion-ion interaction 

(d) ion- dipole interaction 

Two closed bulbs of equal volume (7) containing 

an ideal gas initially at pressure p, and 

temperature Т, are connected through a narrow 

tube of negligible volume. The temperature of 

ed to T,. The final 
"р 


т | 
T+T, / 


one of the bulbs is then ra 
pressure p, is : 


2p, 


0.5 moles of gas A and x moles of gas B exert a 
pressure of 200 Pa in a container of volume 
10 m3 at 1000 K. Given R is the gas constant in 


JK ! mol ! xis: 12019] 
2R 2R 

@ FFR © а-к 
+R 4-R 

© OR @ R 


Consider the van der Waals constants. a and b. 


for the following gases, 12019] 

Gas Аг Ме Kr Xe 
a/(atmdm*mol?) 13 02 51 41 
b/(l07dm3 mol) 32 17 10 50 


Which gas is expected to have the highest 
critical temperature? 


(а) Kr (Ы) Ne (c) Xe (d Ar 


States of Matter 
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As evident from fig., itis clear that with the 
increase in temperature the most probable 
velocity increases but the fraction of such 


cC Solutions 25 
PV=nRT 
(number of moles=n/V) 
2 n/V - P/RT. 
Value of gas constant molecules decreases. 
(R)=0.08205L atm К-то! 8. (d) From the ideal gas equation : 


=8.314 x 107 ergs K-!mol! 

=8.314JK-'mol!=1.987cal К mol! 
[For conversion, these terms can be used 
1.0 Latm = 101.3] 
1J— 107 ergs 
1J=0.239 cal 
or 1 cal - 4.1847] 
Kinetic theory of gases proves all the given 
gas laws. 
According to kinetic theory of gases, gas 
molecules are in a state of constant rapid 
motion in all possible directions, colloiding: 
in a random manner with one another and 
with the walls ofthe container and between 
two successive collisions, molecules travel 
ina straight line path but show haphazard 
motion due to collisions. 


3 
KE of neon аї40°С 29D 313 
К.Е of neon at 20°C 3 293 


2Кх293 
2 


In van der Waals equation, *b' is for volume 
correction. 

Distribution of molecular velocities at two 
different temperatures is shown below. 


Most probable 


locity 


Fraction of molecules. 


— 
Molecular velocity 


Ё MOTE At higher temperature more 
molecules have higher velocities and less. 
molecules have lower velocities. 


10. 


п. 


PV =nRT 

The volume occupied by H,O molecule in 

vapour phase is (1— 10 )ат? = 0.99 dm? 
ie, Idm «1L 

=3170Ра 23170x10 ? atm 

R—8,314JK-! mol 
8.314 JK mol! x1.02 am. 

101.31 


Given, 


R = 0.0821 LatmK мої! 
Thus, T -300K 
_ PV _ 3170x102 atm x 0.99 
С RT Q0821Latm К mol | x300K 
=127х 10? mol 


n 


© 


@ 


(i) 
(iii) 


The different type of molecular velocities 
possessed by gas molecules are 


Most probable velocity (v,,) = 


Average velocity (7) = 


Root mean square velocity 


3RT 
M 
In all the above cases 


Velocity sc JF 


(Vas) = 


СЕ 


At high pressure — сап be neglected 
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12. © 
13.09 


PV—Pb-RT ог PV=RT+ Pb 
PE Pb 
Rm 
RT RT 


Pb 
1-16-25: Z> lathigh pressure 
RT 


Most probable speed (C*) = cm 
Г 


SRT 


nM 


ЗЕТ 
Root mean square velocity (C) = E 
crees 287, ВЕТ. BRT 
M nM M 
ARE 128:1.225 
л V2 
PV 


с ibility factor (2) = 
ompressibilty factor (2) = 27. 


Average Speed (С) = 


(For опе mole of real gas) 
van der Waals equation 


(Pe 8) RT 


At low pressure, volume is very large and 
hence correction term can be neglected 
in comparison to very large volume of V. 

iey-b 


sy 


(e) V=RT 
y2 


Р к= ВТ 
2 


14. (b) Number of moles of O, — 
^32 


15. 


b) 


@) 


3 


Number of moles of Ny = 27 — 
28 7 


Hydrogen bond is a type of strong 
electrostatic dipole-dipole interaction and 
dependent on the inverse cube of distance 
between the molecules. 

For a given mass of an ideal gas, the 
volume and amount (moles) of the gas аге 
directly proportional if the temperature and 
pressure are constant. i.e V oc n 

Hence in the given case. 

Initial moles and final moles are equal 


(nj), - (n, 


PV RV ҢҮ RV 
RT, RT RT КТ, 
LA 


тт * 
Ideal gas equation: PY = nRT 
After putting the values we get, 


200 x 10=(0.5+x) x R х 1000 
(total no. of moles are 0.5 +x) 


4-8 
Ил 
xs 8a 
18. (8) Critical temperature = 7777 


Value of t is highest for Kr. Therefore, Kr 


has greatest value of critical temperature. 


Ls 


IN 
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Thermodynamics 


Ifan endothermic reaction is non-spontaneous 
at freezing point of water and becomes feasible 
at its boiling point, then 120021 
(а) AHis-ve, AS is +ve 

(b) AH and AS both are ve 

(c) AH and AS both are -ve 

(d) АН is +ve, AS is -ve 

A heat engine abosrbs heat О, at temperature 
T, and heat О, at temperature T,. Work done by: 
theengine is J (Q, + Q,). Thisdata 12002] 
(a) violates 1“ law of thermodynamics 

(b) violates 1* law of themodynamics ІО, is—ve 
(c) violates 1% lawof thermodynamics of, is -ve 
(d) does not violate 1* law of hemodynamics. 
For the reactions, [2002] 
2С-0,-»2С0О,, 
2Zn+0,42Zn0; AH 
(a) carbon can oxidise Zn 
(b) oxidation of carbon is not feasible 

(c) oxidation of Zn is not feasible. 

(4) Zn can oxidise carbon. 

The heat required to raise the temperature of 
body by 1 K is called 12002] 
(a) specific heat (b) thermal capacity 
(c) waterequivalent (d) none of these. 

The internal energy change when a system goes 
from state A to B is 40 kJ/mol. Ifthe system goes 
from A to B by a reversible path and returns to 
state A by an irreversible path what would be the 


net change in internal energy? 12003] 
(а) 740kl (b) «40k] 
(c) Zero (d) 40k) 


34 


Ifat 298 K the bond energies ofC — H, C—C, 
C= C and Н — H bonds are respectively 414, 
347, 615 and 435 kJ mol! the value ofenthalpy 
change for the reaction 


H,C 2 CH; (в) -H5(g) > H,C— CH;(g) at 


298K will be 12003] 
(а) -250K (b) +1250) 
(с) -1251 (d) +2500) 


Inan irreversible process taking place at constant. 

Tand P and in which only pressure-volume work 

is being done, the change in Gibbs free energy 

(dG)and change in entropy (dS), satisfy the criteria 
12003] 

(а) (dS), 0 (dG), »<0 

(b) (dS), p=0, (dG), p=0 

(c) (dS), — 0. (80), 0 

(d) (dS), «0, (dG), p<0 

The correct relationship between free energy 

change in a reaction and the corresponding 

equilibrium constant К, is 12003] 

(a) -AG-RTInK, (b) AG'-RTInK, 

(c) -AG'-RTInK, (d) AG-RTInK, 

The enthalpy change for a reaction does not 


depend upon 12003] 
(a) use of different reactants for the same 
product, 


(b) the nature of intermediate reaction steps. 
(c) the differences in initial or final 
temperatures of involved substances. 

(d) the physical states of reactants and 

products. 


c-30 
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12. 


13. 


15. 
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Ап ideal gas expands in volume from 1: 10 to 
1 x 102 mat 300 K against a constant pressure 


of 1x105 Nm^. The work done is 12004] 
(a) 270kl (b) -900kI 
(c) —900) (d) 900kI 


The enthalpies of combustion of carbon and 
carbon monoxide are —393.5 and — 283 kJ mol"! 
respectively. The enthalpy of formation of 


carbon monoxide per mole is [2004] 
(а) —676.5kJ (b) 676.5 І 
() 110.5 (d) -110.5k] 


Consider the reaction : № + 3H) — 2NH3 
carried out at constant temperature and 
pressure, If AH and AU are the enthalpy and 


internal energy changes for the reaction, which 
of the following expressions is true? — [2005] 


(à) AH> AU (b) AH < AU 

() AH=AU (d AH=0 

If the bond dissociation energies of XY, 
X; and Y; (all diatomic molecules) are in the 
:0.5 and AH, for the formation of XY 
is— 200 kJ тог”! The bond dissociation energy 
of X; will be [2005] 
(а) 4000 mol (b) 300kI шог! 

(c) 200kI mor! (d) 100kI mol 

An ideal gas is allowed to expand both reversibly 
and irreversibly in an isolated system. If T, is 
the initial temperature and T, is the final 
temperature, which of the following statements 
is correct? 12006] 


ratio of 1 : 


(а) (Tee = Trey 

(b) T,- T,for both reversible and irreversible 
processes 

© (Toiv (TD 

(d) T,>T, for reversible process but T, — T, for 


irreversible process 
The standard enthalpy of formation (A, H") at 
298 К for methane, CH, (g) is 74.8 kJ mol". The 
additional information required to determine the 
average energy for C — H bond formation would 
be 12006] 


17. 


18. 


Chemistry 


(a) 


the first four ionization energies of carbon 

and electron gain enthalpy of hydrogen 

(b) the dissociation energy of hydrogen 
molecule, Н, 

(c) the dissociation energy of H, and enthalpy 
of sublimation ofcarbon 

(d) latent heat of vapourization of methane 

The enthalpy changes for the following 


processes are listed below : 12006] 
CL(g) - 2CK(g). 242.3 kJ mol! 
1(в)= 2100), 151.0 k] mot" 
ICKg)-Kg)*CKg) —2113kJ mol" 
L(s)- L(g). 62.76k] mol! 


Given that the standard states for iodine and 
chlorine are 1,5) and Cl;(g), the standard 
enthalpyofformationforICl(g) is: — [2006] 
(а) +16.8kJ mol! (b) 3244.8 kJ mol! 

(c) —l46kImol! (d) —16.8kJ mol! 
(AH — AU) for the formation of carbon monoxide 
(CO) from its elements at 208 K is 12006] 
(R=8.314J K” mol!) 

(а) -2477.57Jmol (b) 2477.57] mol! 

(c) -1238.78Jmol! (d) 1238.78 mol 

In conversion of lime-stone to lime, 
СаСО,(8)-» CaO(s) + СО) (в) the values of 
AH? and. AS? are-- 179.1 КГ тай" and 160.2 J/K 
respectively at 298 K and 1 bar. Assuming that 
AH? and AS? do not change with temperature, 
temperature above which conversion of 
limestone to lime will be spontaneous is[2007] 
(a) 1118К (b) 1008K 

(с) 1200K (d) 845K. 

Assuming that water vapour is an ideal gas, the 
internal energy change (AU) when 1 mol of water 
is vapourised at 1 bar pressure and 100 °C, 
(given: molar enthalpy of vapourisation of water 
at 1 bar and 373 K = 41 kJ mol! and R =8.3 J 
mol! K~) will be [2007] 
(а) 4l00k!mol! (b) 4.100kI mot! 

(c) 3.7904 mol! (4) 37.904 kI mol 


Thermodynamics 


20. 


21. 


22. 


23. 
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Identify the correct statement regarding a 

spontaneous process: 12007] 

(8) Lowering of energy in the process is the 
only criterion for spontaneity. 

(b) Fora spontaneous process in an isolated 
system, the change in entropy is positive. 

(c) Endothermic processes are never 
spontaneous. 

(d) Exothermic processes are always 
spontaneous. 

Oxidising power ofchlorine in aqueous solution 

can be determined by the parameters indicated 

below: 


75 1008) —— > Cg) — Cl (8) 
я u 

Анан” crag 
The energy involved in the conversion of 


Тоа to CF (aq) 12008] 


(using the data, 


Aaiss Heig =240 KI шог, 


Aeg Hei =—349 kJ mol", 


Ам 


=-381 KJ mol-!), will be 
(a) +1527 то! (Ы) —610kJ mol"! 
(c) -850klmol! (4) +1207 тої! 


Standard entropy of X,, Y, and X Y , are 60, 40 
and 50 J K-!mol"!, respectively. For the reaction, 


EWE — XY,. AH = -30KJ , to be at 


equilibrium, the temperature will be — [2008] 
(а) 1250K (b) 50K 
(c) 750K (d) 1000K 


On the basis of the following thermochemical 
data: (ApG°H (aq) = 0) [2009] 


H50(1) > H^ (aq) + OH- (aq); AH = 57.32kI 


H,(¢)+403(@)— 1,00 АН ——286.20kJ 


The value of enthalpy of formation of OH” ion 
at 25 °Cis: 


24, 


26. 


27. 


28. 


(а) —22888К) (b) +22888К] 
(с) —34352К) (d) -2288К1 

The standard enthalpy of formation of NH, 
is —46.0 kJ mol”, Ifthe enthalpy of formation of 
H, from its atoms is—436 kJ mol and that of N, 
is — 712 kJ mol", the average bond enthalpy of 


NH bond in NH, is 12010] 
(a) -964К тог! (b) +352kJ mol! 
(c) +1056 то! (d) —1102kImol 


For a particular reversible reaction at 
temperature T, AH and AS were found to be both 
+ve. If T, is the temperature at equilibrium, the 
reaction would be spontaneous when 
(a) TT (b) T>T, 
(c) T,isStimesT | (d) T-T, 
The value of enthalpy change (AH) for the 
reaction 

С.Н,ОН() +30(g) > 2C0; (6) +39001) 
at 27°C is—1366.5 k J mol, The value of internal 
energy change for the above reaction at this 


[2010] 


temperature will be: 1201188] 
(а) ~1369.0k) (b) —13640К) 
(с) 1361.5 (d) -137L5kJ 


Consider the reaction : 
4МО, (8) +0208) > 2N50s(g), 

AH-- 10K. 
If N;O,(s) is formed instead of N,O,(g) in the 
above reaction, the A H value will be : 
(given, AH of sublimation for №0, is 54 kJ 


тог!) 1201185] 
@ +540) (b) +2190) 
(с) -2191 (d) -165k] 
The incorrect expression among the following 
is: [2012] 
АС, 
ESTNE 
ASiotal 
(b) In isothermal process, 
Wreversible = nRT In M. 
` Vi 
AH*-TAS* 
© шк-2 165 


(d) K=eaorr 


с-32 
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A piston filled with 0.04 mol of an ideal gas 
expands reversibly from 50.0 mL to 375 mLata 
constant temperature of 37.0°C. As it does so, it 
absorbs 208 J of heat. The values of q and w for 
the process will be: 12013] 
(R-8314J/mol K) (In 7.5 = 
(а) q=+208J,w=-208J 
(b) q=-208J,w=-208J 
(©) q=-208J,w=+208J 
(d) q=+208J,w=+208J 
For complete combustion of ethanol, 

C,H,OH (1) +30, (2) —+2C0, (g)+3H,0(1), 
the amount of heat produced as measured in 
bomb calorimeter, is 1364.47 kJ mol“! at 25°C. 
Assuming ideality the enthalpy of combustion, 
AH. for the reaction will be: [2014] 
(R-8314 kJ mot!) 

(а) -1366.95 kJ mol” 

(b) -1361.95 kJ то!” 

(c) -1460.95 kJ mol” 

(d) -1350.50 kJ то!" 

The heats of combustion of carbon and carbon 
monoxide are -393.5 and —283.5 kJ mol, 
respectively. The heat of formation (in kJ) of 


carbon monoxide per mole is : 12016] 
(а) -6765 (b) -110.5 

© 1105 (d) 676.5 

AU is equal to [2017] 


(a) Isochoric work 
(c) Adiabatic work 
Given 

(© 


(b) Isobaric work 

(d) Isothermal work 
12017] 

+0,(g)  CO,(g): 

AH? = 393.5 kJ mol! 


(graphite) 


Н, (g) + Хо, (в) > H,0() ; 
AH? =—285.8 kJ mol 


СО (в) + 29,0(1) > CH,(g)+20,(2); 
А,Н° =+ 890.3 К тог! 


34. 


35. 


36. 


Chemistry 
Based on the above thermochemical equations, 
the value of A,H? at 298 К for the reaction 
Сү + 2908) > CH () will be : 

(а) +74.8kImol! | (b) 144.0 kI mol! 
(c) —74.8kImol! — (d) —144.0 kJ mol! 


Which of the following lines correctly show the 
temperature dependence of equilibrium constant, 
K, for an exothermic reaction? 12018] 


(0,0) Р 
E. ws 
“р 
(à AandB (b) BandC 
(c) CandD (d) AandD 


The combustion of benzene (/) gives CO, (g) 
and H,O (J). Given that heat of combustion of 
benzeneat constant volume is -3263.9 kJ mol! 
at 25°С; heat of combustion (in kJ mol-!) of 
benzene at constant pressure will be : 


(R=8314JK" mol) [2018] 
(a) 41526 (b) —45246 
(c) 3260 (d) -32676 


Consider the reversible isothermal expansion of 
an ideal gas in a closed system at two different 
temperatures T, and T, (T, < T,). The correct 
graphical depiction of the dependence of work 


done (w) on the final volume (V)is: [2019] 
М Т. 
т 
(a) : 
o In V 
м л, 
T, 
(b) 


o In V 
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Thermodynamics c-33 
IM T, 37. Among the following, the set of parameters that 
represents path functions, is: 12019] 
Zr (A) q* w (B q 
(c) / © w (D H-TS 
C (a) (B)and(C) — (b) (8), (C) and (D) 
Т (с) (A)and(D) — (d) (А), (В)апа(С) 
Ш 2 38. For the reaction ; 12020] 
Ti Ай) —2B(g) 
(d) pos AU- 2.1 kcal, AS= 20 cal Kat 300 К. 
— à Hence AG in kcal is 


pnnnp 
(1) @ 


SSS 5 
w | © 


b 


@) 


Solutions 


25 


AG = AH- TAS 

For an endothermic reaction, 

AH = +ve and at low temperature AS = +ve 
Hence AG = (+) АН= I (4 )AS 

andifT AS<AH  (atlowtemp) 

AG =4ve (non spontaneous) 
Butat high temperature, reaction becomes 
spontaneous i.e. AG = -ve 

because at higher temperature TAS > AH 
According to first law of thermodynamics 
energy can neither be created nor 
destroyed although it can be converted 
from one form to another. 

Ё MOTE Carnot cycle is based upon this 


principle but during the conversion of heat 
into work some mechanical energy is 
always converted to other form of energy 


3. 


4. 


@ AH neg 


hence this data violates Ist law of 
thermodynamics. 

ive shows that the reaction is 
spontaneous. Higher negative value for Zn 
shows that the reaction is more feasible. 


(b) The heat required toraise the temperature 


of body by ІК is called thermal capacity or 
heat capacity. 


(© Fora cyclic process, the net change in the 


internal energy is zero because the change 
in internal energy does not depend on the 
path. 

reversible path 


irreversible path 
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Chemistry 
© CH,-CH,(g)*H,(g) > CH,-CH, 14. (€) According to first law of thermodynamics 
Enthalpy change = Bond energy of AQ=AU+AW 
reactants — Bond energy af products. An isolated system is adiabatic. This means 
AH= K со -Ну-ЦН-Н)-1(С-0) AQ =0. The first law in this case yields 
T O-AU-AW-AW--AU oie i 
=1(C=C)+1(H-W)-1(C-0)-2(C-1) ipis iin О) 
B Mp EHE For expansion, AW is positive and hence 
I 5 AU is negative. This means Tis less than 
did T, in both the cases. 
(a) For spontaneous reaction, dS > 0 and dG For tho same pafaro ha the work 
hould be negative i.e. <0. ! 
igo pM done in irreversible process is greater than 
© Ajo RTI or AG RTK, that in reversible one because the system 
(b) Enthalpy change for a reaction does not has to work against friction etc. Thus 
depend upon the nature of intermediate Am 9 
reaction steps. irreversible. reversible. 
© = РАУ = - 105 [C x 10 2) (1 10-3] => —Wimerersibte > -AU ы. 
--9001 [from equation (1)] 
@ @С+О,х== CO, AH- 393.5 k]mol? 5 А0, < AU peversibte 
1 1 = AT, erste < ATreveribe 
(ii) CO+0) «== СО, 
2 2 1 => Ty esiti? Ty reversible 
AH--2830 mol. 15 (еу ‘The standard enthalpy of formation of CH, 
Operating (i) - (ii), we have is given by the equation : 
1 Е 
C+502 — CO AH =-110.5 kimol! C(s) + 2H5(g) — СН 4(g) 
O AH-AU- AnRT for Hence, dissociation energy of hydrogen 
and enthalpy of sublimation of carbon is 
№ 43H; —> 2NH3 required. 
An,72-4--2 16. (а) 150941, (2)---921С 8) 
^ AH? A AH= [АН ig + АН, + АНс а] 
ог AU=AH+2RT .. AU- AH л 7 
| “ -2[AH, ql 
(9 5X2 +7 Y2—> XY, AH=(-200)1 = 6264151042423 -2x2113 3346 
Let x be the bond dissociation energy of АН CD = мж =16.73 kJ / mol 
у= 17. (d) Forthe reaction, 


AH, =-200= lan 


1 
+—AH 
2 2 


х-х у-у 


АН, 


400 =х+0.5х-2х= -0.5x 
_ 400 


se 

0.5 
(In the question paper, this option was not 
mentioned. So the answer has been marked “М”) 


800 kJ mol! 


1 
C(s) + O2(g)—> COlg) 
AH=AU+ An RT or AH- AU= An RT 


Ал =1 


1 
AH AUS —x8314 x 208 
238.78 Jmol"! 


Thermodynamics 


18. 


19. 


20. 


21. 


22. 


[2] 


@ 


0» 


b) 
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AG^- АН°—ТА$° 
For a spontaneous reaction AG? < 0 
AH? 
AS? 


or AH°—TAS°<0 > Т> 


> 1793x107 
160.2 

>1117.9К = 1118К 
Given AH =41 kJ mol! = 41000 J mol! 
Т-1009С-273-100-373К 
H0(1) + + H50(g) 
An,=1-0=1 
AU=AH—AnRT=41000—(1 x 8.314 x 373) 

= 37898.88 Jmol! = 37.9 kImol! 


Spontaneity of reaction depends on 
tendency to acquire minimum energy state 
and maximum randomness. For a 
spontaneous process in an isolated system 
the change in entropy is positive. 


The energy involved in the conversion of 


эт 


1 
3048) to CE (aq) is given by 


1 . " h 
AH= 7 МьНсь + Aeg Hci + Anya Her 


Substituting various values from given 
data, we get 


лн [1з e says cen 

= (120349381) =—610 kJ mol! 

Fora reaction to be at equilibrium AG" = 0. 
Since AG? = AH? — TAS" so at equilibrium 
AH?- TAS? =0 

or АН°= TAS? 

For the reaction 


ix, (535—938 ; АНУ--30К1 
Calculating AS? for the above reaction, we 
get 
1 3 
AS? =50-| —x60- — x40 
2 2 
— 50 — (30-- 60) = —40 Jk! 


Atcquilibium, ТА5°=АП° 


23. (a) 
24. b) 
25. 0) 


[^ AG? = 0] 
^T (40 Jc?) = -30 х 10007 
[^1 KJ 210007] 
-30х1000 
-40 
HO () —> H+ (aq) + ОН (ад.); 
AH-5732kJ -() 


o T- =750К 


1 

H3(g)+502(g)—> Н:О0) 
Н = 286.20 КЈ ... (ii) 

By adding equation (i) & (ii) we get, 

1 Е 
Нз (0)+ (05) — Н“ (aq) «OH. (аа) 
АП= 57.32 — 286.2 = 228.88 kJ 
Here A,H® of H* (aq.) - 0 
л AH? of OH-— 228.88 kJ 


М. 43H; —>2NH 
AH 22x-46.0 kJ mol! 

Let x be the bond enthalpy of N —H bond 
then 
[Note : Enthalpy of formation or bond 
formation enthalpy is given which is 
negative but the given reaction involves 
bond breaking hence values should be 
taken as positive.] 
AH = X Bond energies of reactants 

X Rond energies of products 
246-7123 (436)- 6 
-92-2020-6х 


х=+ 352 kJ/mol 
At equilibrium AG = 0 
Hence, AG = AH- TAS - 0 


<. AH=T,AS or Цин 


For a spontaneous reaction 
AG must be negative which is possible only 
if AH<TAS 


oT» 2H. т,<т 
^S 
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26. 09 C,H,OHQ) 830508) 2. Heat of formation of CO = eqn (i) — eqn (ii) 
—Ó C0 (g) +3H,0(1) M a 
=2-3=- и 
зыны т 32. (9 From I*lawofihermodynamics 
AU = AH - An RT AU=q+w 
For adiabatic process : 
=~1366.5—[(-1) «8.314 300] q-0 
= -13665+ (1) 8314300 A 
713665 (I) x" х 33. (€) Cus + O (8) — СО,(8): 
=- 13665-08314 3=— 1364 KI АН? =~ 393,5 KI/mol-! ...(i) 
27. @ 1 
нуё+ 5038) —> H,00: 
4NO5(g)* O2(8) > 2N205(g), A,H - - Ш kJ He == 285.8 kJ/mol”! ...(ii) 
AH' У 
d | wer CO,(g)*-2H,0() —> CH,(g) +2008); 
2N205(s) AH? =+ 890.3 kJ/mol” ...(iii) 
АН = Сормо * 2H; (9) —> CH,(g): 
AH=? dv) 
(Ба, (i) + Eq. (iii]] +[2 х Eq. (£)]] - Eq (iv) 
28. (с) AG?^-AH?-TAS^ 2 ТАН + AH,]+ [2 * AH] - AH, 
-RT InK = AH? - TAS? [(-393.5)+(890.3)] + [2285.8] 
Бан TAN =-74.8 KJ/mol 
RT ER 
29. Ф) Processisisothermalrevei О аи, 3% © pda relation. 
jos "m" AH* - TAS? - RTÍn К 
=0, therefore q=—w. б 5 
Since q=+208 J, =—2081 E CN -Wk 
30. (a) C,H,OH(/)*305(g)— 
2CO»(g) * 3H90(/) orinK- т 
Bomb calorimeter gives AU of the reaction For exothermic reaction, AH? = -ve 
Given, AU=~1364.47 kJ mol n 
А21 slope = -=p = +e 
AH =AU+ An RT So from graph, lines should be A & B. 
1x8314x 298 - 15 
--B6a T A 3& @ CoHa(1) 7 03(2) — 
=~ 1366.95 kJ mol! 6CO>(g)+3H30(/) 
31. () Given 23 
C(s)+ Og) 9 CO (g): AH=-393.5kI mol"! ...(i) 773 


1 
CO(g)- Г; Ojg)-» CO g) 


AH- 2835] mol" ...i) 


AH = AU € An, RT 
2-326394 ( EJ x8314x107 x 298 


=~3263.9 +(-3.71)= — 3267.6 kJ mol! 
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36. (b) Forreversible isothermal expansion, 38. (-2.70) 
" AU = 2.1 kcal - 2.1 х 10? cal 
w--nRTIn 7 An,=2 

[Д z 

A AH- AU+ An RT 
> и =nRTIn A = 21х10+2х2х300 
мі nRT (InV,—InV,) — 2100--1200 
|| - nRT In V, - nRT V, = 3300cal 
у=тх+с AG- АН-ТА$ 
So, slope of curve 2 is more than curve 1 = 3300-300 «20 
and intercept of curve 2 is more negative 
than curve 1. 


37. (8) We know that heat and work are not state 
functions but д + w= AU isa state function. 
II Т5 (i.c. G) is also a state function. 


= 
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Equilibrium 


1 M NaCland 1 M HCl are present in an aqueous 
solution. The solution is 12002] 
(a) nota buffer solution with pH <7 

(b) nota buffer solution with pH >7 

(c) a buffer solution with pH<7 

(d) abuffer solution with pH > 7. 

Species acting as both Bronsted acid and base 
is 12002] 
(а) HSO; (b) Мас 
(c) NH, (d) OH 
Let the solubility of an aqueous solution of 
Mg(OH), be х, then its K, is 12002] 
(а) 4e (b) 1085 

© 226 (d) 9x 

Change in volume of the system does not alter 


5 


which ofthe following equilibria? 12002] 
(а) N,(g)*O,(g === 2NO(g) 
(b) РСІ, (в) «== PCI, (8) +С1,(8) 
(с) N,(g)*3H,(g) —— 2NH,(g) 
(d) SO,CL (в) == 50, (а) + СІ, (g). 


For the reaction СО (g) + (1/2) О, (в) == 


СО, (в), K,/ K, is 12002] 
(а) RT (b) (RT)! 
(с) (8ту!? (d) (RD)? 
Which one of the following statements is not 
true? 12003] 


(a) pH+pOH= 14 for all aqueous solutions 
(b) ThepH of | x I0 * M HCl is8 


(c) 96,500 coulombs of electricity when passed 
through a CuSO, solution deposits 1 gram 
equivalent of copper at the cathode 


(d) The conjugate base of H;PO; is HPO} 


10. 


п. 


The solubility in water of a sparingly soluble 
salt AB, is 1.0 х 107° mol 177, Its solubility 


product will be [2003] 
(a) 4x100 (b) 1x 10-15 

(с) 1x10 (d) 4x 10-5 

For the reaction equilibrium. 12003] 
О (в) —==2МОув) 


the concentrations of N,O, and NO, at 
equilibrium are 4.8 х 102 and 1,2 х 102 mol L^ 
respectively. The value of K, for the reaction is 
(а) 3x10 molL? (b) 3x10? molL" 

(c) 3*105molL- — (d) 3.3x 10? mol L? 

Consider the reaction equilibrium [2003] 
280,(g) + Og) == 280,(g); AH*-—198 kJ 
On the basis of Le Chatelier’s principle, the 
condition favourable for the forward reaction is 


(a) increasing temperature as well as pressure 
(b) lowering the temperature and increasing the 
pressure 
(c) any value of temperature and pressure 
(d) lowering of temperature as well as pressure 
When rain is accompanied by a thunderstorm, 
the collected rain water will have a pH value 
12003] 
(a) slightly higher than that when the 
thunderstorm is not there 
(b) uninfluenced by occurrence of thunderstorm 
(c) that depends on the amount of dust in air 
(d) slightly lower than that ofrain water without 


thunderstorm. 
The conjugate base of Н.РО, is [2004] 
(a) HPO, (b) PO, 
© PO} (d HPOj 


Equilibrium 


12. 
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What is the equilibrium expression for the reaction 
Р,(8)--50,(8) == РО)? [2004] 


@ Кс-(0:Г 
©) Ke -[P4Ojo]/3EP, 1051 


(©) К, =[P4010]/[P4][02} 


@ K=O: 

For the reaction, А 
CO(g) + Сі, (в) == СОСІ, (в) the 973 
is equal to 12004] 


(а) VRT (b) RT 
© Ver @ 10 


The equilibrium constant for the reaction 
№ (g) + O5(g) == 2NO(g) at temperature T 
is 4x10. The value of K, for the reaction 


NO(g) == y 


1 а a 
(g)+ 20: (g) at the same 


temperature is [2004, 2012] 
(à) 4x104 (b) 50 
(с) 25x10 (d) 002 


The molar solubility (in mol L-') ofa sparingly 
soluble salt MX, is ‘s’. The corresponding 
solubility product is K, “87 is given in term of 
K,, by the relation : 12004] 
(а) 8-(256К,/5 (b) s-(128 K)" 
© s-(K,/128)^ (d) s- (K,,/256)'5 
The solubility product of a salt having general 
formula MX,, in water, is : 4 х 1072, The 
concentration of М?* ions in the aqueous 
solution of the salt is [2005] 
(а) 40х10 Мм (Ы) L6x10*M 

(с) 1.0х10+М (d) 2.0% 105M. 

The exothermic formation of CIF, is represented 
by the equation : 

Cl; (в) +3 (в) == 2CIF; (g); AH --329К/ 


Which ofthe following will increase the quantity 
of CIE, in an equilibrium mixture of CL, F, and 
CIF,? 12005] 


18. 


20. 


21. 


22. 


(a) Adding F, 
(b) Increasing the volume of the container 
(c) RemovingCl, 
(d) Increasing the temperature 
For the reaction : 
2NO,(g) == 2NO(g) + O»(g). 
(K,= 1.8 х 10 5at 184°C) 
[= 0.0831 kJ/ (mol. K)] 

When K, and K, are compared at 184°C, it is 
found that 
(а) Whether K, is greater than, less than or 

equal to К, depends upon the total gas 

pressure 
() K,-K, 
(c) Kp is less than K, 
(d) К, is greater than K, 
Hydrogen ion concentration in mol/L in a 
solution of pH = 5.4 will Бе: [2005] 
(8) 398x105 (b) 3.68 x 10% 
(c) 3.88% 10° (d) 3.98 108 
What is the conjugate base of OH- ? 
(а) OF 0) O- 
() њо (d) O, 
An amount of solid NH,HS is placed in a flask 
already containing ammonia gas at a certain 
temperature and 0.50 atm pressure. Ammonium 
hydrogen sulphide decomposes to yield NH, 
and H,S gases in the flask. When the 
decomposition reaction reaches equilibrium, the 
total pressure in the flask rises to 0.84 atm? The 
equilibrium constant for NH,HS decomposition 


12005] 


12005] 


at this temperature is 12005] 
(a) o (b) 017 
(c) 018 (d) 030 


Phosphorus pentachloride dissociates as 

follows, in a closed reaction vessel [2006] 
РС1,(в) == PCI,(g) + CL(g) 

If total pressure at equilibrium of the reaction 

mixture is P and degree of dissociation of PCI. is 

x, the partial pressure of PCI, will be 


@) (+) Р ® (4) 


ole @ (E 


c-40 
23. 


24. 


25. 


26. 


27. 


28. 
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The equilibrium constant for the reaction 
сү 1 
50, )--5 502(8)+02(8) 


is K,74.9 x 102, The value of K, for the reaction 
280,(g) + O,(g) > 280,(8) 


willbe [2006] 
(a) 98x10? (b) 49x10? 
(c) 416 (с) 2.40% 103 


The first and second dissociation constants of 
anacid H,A are 1.0 x 105 and 5.0 х 107^ respec- 
tively. The overall dissociation constant of the 


acid will be 12007] 
(а) 02x10 (b) 50x 105 
© 50x 105 (d) 50x 1075, 


The pK, ofa weak acid (HA) is 4.5. The pOH of 
an aqueous buffer solution of HA in which 50% 


of the acid is ionized is [2007] 
(а) 70 (b) 45 
(c) 25 (d) 95 


In a saturated solution of the sparingly soluble 
strong electrolyte AglO, (molecular mass =283) 
the equilibrium which sets in is 

AglO,(s) == Ав (aq) + 103 (aq) 

If the solubility product constant К, of AgIO, 
ata given temperature is 1.0 x 10-5, what is the 
mass of AglO, contained in 100 mL of its 
saturated solution? 12007] 
(а) L0x10-g (b) 28.3x 10? g 

(c) 283х 10?g (d) 1.0х 107g. 

The equilibrium constants Ky and кь, forthe 
reactions X <=> 2Yand Z = P + О, respectively 
are in the ratio of 1 : 9. If the degree of 
dissociation of X and Z be equal, then the ratio 
of total pressures at these equilibria is [2008] 
(a) 1:36 (b) 1:1 

(c) 1:3 (d) 1:9 

For the following three reactions (i), (ii) and (iii), 
equilibrium constants are given: 12008] 
0) СО(а)+Н›О(в) = COs(g) +Н (8): Ку 
(ii) CH4(g) + H20(g) = CO(g) +3H2(g); Ко 


(iii) CH 4 (2) + 2H20(g) = CO3(g)+ 4H (и); Ks 
Which of the following is correct ? 


29. 


30. 


31. 


32. 


33. 


а) KK; = Ks 


O К.К = Ki 


© К,-К,К, (d K,Ki-KQ 
Four species are listed below: 12008] 
() HCO; @ H,O* 

(i) HSO, (iv) HSO,F 


Which one of the following is the correct 

sequence of their acid strength? 

@) iv<ii<ii<i ^ (b) ii<iii<i<iv 

(© i<iti<ii<iv (0) iii<i<iv<ii 

The pK, ofa weak acid, HA, is 4.80. The pK, of 

a weak base, ВОН, is 4.78. The pH of an aqueous 

solution of the corresponding salt, BA, will be 
12008] 


(а) 958 (b) 479 
(с) 701 (d) 922 

Solid Ba(NO,), is gradually dissolved in a 
1.0 х 104 M М№а,СО, solution. At what 
concentration of Ва?* will a precipitate begin to 
form? (К. forforBaCO,-5.1«10?) [2009] 
(à) 5.1X105M (Ы) 81х105М 

(с) &1x107M — (d) 41x105M 
Three reactions involving H,PO,- are given 
below: [2010] 
() H,PO,* H,O — H,O' - НРО; 

(i) H,PO; -H,O > HPO? - HjO* 

(iii) H,PO,  OH- — H,PO, + O? 

In which of the above does H,PO; actas an 
acid? 

(a) (ii) only (b) (апа (ii) 

(с) Gii)only (d) (only 

In aqueous solution the ionization constants for 
carbonic acid are 

K,74.2x 107 and K, 74.8 x 107", 

Select the correct statement for a saturated 0.034 
M solution ofthe carbonic acid. 12010] 


(a) Theconcentration of CO} is 0.034 M. 


(b) Theconcentration of СОЗ- is greater than 
that of HCO; . 


The concentrations of H* and HCO; are 
approximately equal. 

The concentration of Н? is double that of 
со. 


(e) 


(d) 
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34. Solubility product of silver bromideis 5.0% 10-15, 41. The standard Gibbs energy change at 300 K for 
The quantity of potassium bromide (molar mass the reaction 2A —— В + C is 2494.2 J, Ata 
taken as 120 g mol!) to be added to 1 litre of given time, the composition of the reaction 
0.05 M solution of silver nitrate to start the VERE E 
precipitation of AgBr is [2010] mixture is [A] = >, [B] = 2 and [C]= >. The 
(а) 12x107g (b) 12x10?g reaction proceeds in the : [R = 8.314 J/K/mol, 
(©) 62x105g (d) 5.0% 10g е-2718| [2015] 
35. А125 °С, the solubility product of Mg(OH); is (a) forward direction because О <, 
1.0 х 1077, At which pH, will Mg" ions start (b) reverse direction because Q< K, 
precipitating in the form of Mg(OH), from a (c) forward direction because QK 
E “ооп M ын ions? 120101 (d) reverse direction because Q> K, 
Ө 0) 10 42. The following reaction is performed at 298 K. 
© n @ 8 pois] 
36. Anacid HA ionises as 
НА === Н? «A^ 2NO(g) + Og) «== 2МО,(в) 
The pH of 1.0 M solution is 5. Its dissociation The standard free energy of formation of 
constant would be : [2011RS] NO(g) is 86.6 kj/mol at 298 K. What is the standard 
(а) 5 (b) 5х10* free energy of formation of NO,(g) at 298 К? 
(с) 1x10? (d) 1x10" (K,= 1.6% 10!) 
225 : мээн А 
37. The K, for Cr(OH); 1.6 x 10%. The solubility In (1.6 x 10!) 
of this compound in water is : [2011RS] @ 86600- дву 
PETI TEET A 
@ 4016 са 0) 4 ыр (b) 0.5 [2 86,600 — R298) In(1.6 х 1012)] 
2 Ч! Бин | i п. 2 кб ui. (c) В(298) In(1.6 x 1072) 86600 
38. The pHofa0.1 molar solution ofthe acii is 2 
3. The value of the ionization constant, K, of the (d) 86600 R98) n(1.6x 107) | 
acidis: jor 43. Thecquilibrium constant at 298 K for a reaction 
@) 3x107 (b) 1103 A + B == C + D is 100. If the initial 
(с) 1x105 (4) 1x107 concentration ofall the four species were 1 M 
39. How many litres of water must be added to 1 each, then equilibrium concentration of D (in 
litre of an aqueous solution of HCI with a pH of mol L !) willbe: [2016] 
1 to create an aqueous solution with pH of 2? (а) 1818 (b) 1.182 
: роз) © 0182 (d) 0818 
O Ды, bod 44. pK, ofa weak acid (HA) and pK, ofa weak base 
M Wee @ 9 (ВОН) are 3.2 and 3.4, respectively. The pH of 
40. Дорыта оь their salt (AB) solution is 12017] 
50; (9) 10, (9). 50,() @) 72 (b) 69 
О © 70 (d) 10 
E x 
if K,=K.(RT)" where the symbols have 45, An aqueous solution contains 0.10 M H,S and 


usual meaning then the value of x is (assuming 
ideality): [2014] 


1 
(a) -1 (b) 72 


© @ 1 


nie 


0.20 M KCI. If the equilibrium constants for the 
formation of HS- from H,S is 1.0 x 10-7 and that 
of S% from HS- ions is 1.2 х 107, then the 
concentration of S> ions in aqueous solution 
is: 12018] 
(а) 5х10% (b) 3x10% 

(c) 6x 102! (d) 5x 10° 


c-42 
46. 


47. 
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An aqueous solution contains an unknown 
concentration of Ba?*. When 50 mL of a 1 M 
solution of Na,SO, is added, BaSO, just begins 
to precipitate. The final volume is 500 mL. The 
solubility product of BaSO, is 1 х 10-19, What is 


the original concentration ofBa?*? [2018] 
(a) 5х10°М (b) 2*10?M 
(©) LIx10?M — (d) L0x 10M 


Which ofthe following salts is the most basic in 
aqueous solution? 12018] 


(а) АКСМ), 
© FeCl, 


(b) CH,COOK 
(d) Pb(CH,COO), 


48. 


49. 


50. 


Aand 10 L of solution. B is 


20 mL of 0.1 M H,SO, solution is added to 30 


mL of 0.2 M NH,OH solution. The pH of the 
resultant mixture is: [2019] 
[pK, of NH,OH- 4.7]. 

(а) 52 (b) 90 

(c) 50 (d) 94 

Which amongst the following is the strongest 
acid? 12019] 
@) CHBr, (b) CHI, 

(с) CH(CN), (d) CHC 


Two solutions, А and Beach of 100 L was made 
by dissolving 4g of NaOH and 9.8 g of H,SO, in 
water, respectively. The pH of the resultant 
solution obtained from mixing 40 L of solution 
12020] 


Answer Key 


Solutions 


a) А buffer is a solution of weak acid and its 
salt with strong base and vice versa. HCl is 
strong acid and NaCl is its salt with strong 
base. pH is less than 7 due to HCI. 
(HSO,) can accept and donate a proton 
(HSO,)-— H* > HO, (acting as base) 
(HSO) -H+  SOZ-. (acting as acid) 
) Mg(OH), > [Mg] -2[0H ] 

х 2x 


K= [Mg] [OH [xI2x] 


@) 


€ 


(a) Inreaction (a) the ratio of number of moles. 


{2 


of reactants to products is same i.e. 


hence change in volume will not alter the 


number of moles. 


6. 


© Kp = KRT)"; 


маа 14) 
3 
К 


Party? 
c 
(b) pHofan acidic solution should be less than 
7. The reason is that from H,O, [H*]= 107M 
which cannot be neglected in comparison 
to 10-5M. The pH can be calculated as. 
From acid, [H*] = 10M. 
From HO. [H*] - 107M 
л Total [H] - 105-107 
=107#(1+ 10) = 11 1075 


Equilibrium 


H. 


12. 


13. 


b 


b 


© 


b 
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рН = - log[H] = -log 11х10* 
= 0611 +8100 10] 


=-{1.0414—8]=6.9586 
AB; ——A?* +2B7 


[A] - L0 105, [B] - [2.0 « 10:5 
K,-[BPTAJ- [2 05? [10:10 5]-4» 1075 
„NO _[2х10 
© [N04] [48х10] 


=3 x 10? mol/L 

Due to exothermic nature of reaction low 
or optimum temperature will be required. 
Since 3 moles are changing to 2 moles, 
therefore high pressure will be required. 
The rain water after thunderstorm contains 
dissolved acid and therefore the pH is less 
than rain water without thunderstorm. 


H,PO; —"-+ HPO} 
Acid Conjugate base 


Ё MOTE Conjugate acid-base differs by H* 


For P4(s)+509(g) == P4010 (5) 
1 

(07° 

Solids have concentration unity. 

Ky =K (RT): 


Here An-1-2— 
HR n 
К, RT 


[NO] 


1 
—— = 50 
V4x10-4 


MX, ==M**'+4x" 
8 48 


K= [s] [4s] = 25655 


17. 


19. 


(а) 


(а) 


2s 
Where sis the solubility of MX, 
then Ку = 4s 
4x 102-49 


or s-1x105 

The reaction given isan exothermic reaction 
thus accordingly to Le-Chatalier’s principle 
lowering of temperature, addition of F, and 
or Cl, favour the forward direction and in 
hence the production of CIF, . 

For the reaction- 


2NO3(g) = 2NO(g) + Оз (в) 
Given K,= 1.8 x 10-5 at 184°C 
R=0.0831 kJ/mol. K 

K,- К.х (RT) 

K = 1.8% 105 0,0831 x 457 
‚836 x 106 

Hence it is clear that К> K, 


H*] 


pH = log [H']- log i 


1 
54 -log—— 
Ht 


On solving, [H*]=3.98 x 10% 

Conjugate acid-base pair differ by only one 
proton. 

OH” —>H* «o^ 

Conjugate base of OH- is O?- 

NH,HS(s) —— NH,(s) + H;S(g) 


At start Озат 0 atm 
Ateqm. 05 x atm xatm. 


Then 0.5--x--x- 2x--0.5 - 0.84 (given) 
x=0.17 atm. 
Pyu, 7 0.5 + 0.17 = 0.67 аш, 
рн, = 9.17 atm 
K= руну X Prijs = 0.67%0.17 atm? 
=0.1139=0.11 
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22. (с) PCL) == РСІ,(в) + СІ, (в) 
1-х х х 


Total moles after dissociation 
l-x*xtx-l*x 


Рес, = Mole fraction of PCL, 


х Total pressure „=? 
lex 


23. © S049) — $02(8)+402(e) 
“18051051” 


-49х107 
[SOs] 


Ke 
On taking the square of the above reaction 
2, 
[8021 T021 одоту 
180517 
Now for 2S0,(g)+0,(2) ——— 280, 
[so 1 


K= —— = 416 
[0] 24.01x107 


с 


180, 
24. @ НАН? «HA^ 
K,- 10x з= ШОНА 
! [HA] 
HA LH АГ 
Ky 50x19 10 ЇН ЛА 1 
7 ШАТ] 
For the reaction, 


Н.А 2Н#+А?- 
hra? 

-IPA kxe 
[H2A] 


=(1.0х 10-5) (5 x 10719) =5 x 10-15 


K 


25. (d) 


For acidic buffer, pH = pK, + zi seit ] 


acid 


[salt] 
рн = о ај 

As HA is 50% ionized so [salt] = [acid] 
pH=4.5 

pH+pOH=14 
pOH=14-pH=14-4.5=9.5 


26. (c) Lets=solubility 


AglOs Ag'«10, 


s s 
к= [Ag'10,1-s*s-s 
Given K, - Lx 10% 


s= Ky =vix10% 
= 1.0 104 mol/L = 1.0 x 104283 g/L 
(^ Molecular mass of AgIO; = 283) 


1.01074 283х100 
7 1000 

=2.83 x 102 g/100mL 
Let the initial moles of X be ‘a’ and that of 
Z be ‘b’ then for the given reactions, 


хо ү 


g/100mL 


27. (а) 


Initial a moles ° 
At eqm. all-a) дав. 
(moles) 
Total no. of moles a (1 — a) +2а0 
-а-аа2аа. 
-a(1*a) 
2 An 
(пу) (Pr 
Now, =x} 
P n, Xn 
ke LE 
2 
(2аа)2 -Pr 
[3 


т ^ [a( - a)]fa(] - 2] 


Z =P +Q 


Initial b moles 0 0 
Асет 1-9) ba ы 
(moles) 


Total no. of moles =b(1 — a) + ba + ba 
=b—ba+ba+ba 


=b(1 +a) 

Ап 
Р, 

Now Kp, = 222" «s 
n; En 

© Жз (ba)(ba).Pr, 

P2 [b(-o)][b( + о)] 

oe Ke 49210-9 4% 


Kp (l-a?) Pra? Pr, 


Equilibrium 


28. 


29. 


30. 


31. 


32. 


33. 


© 


© 


© 


@) 


© 
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Second dissociation constant (K,) is much 
ёс ө] smaller than the first one (K,). Just a small 
fraction oftotal HCO; formed will undergo 
second stage of ionization. Hence in 
saturated solution 
or 


Reaction (iii) can be obtained by adding 
reactions (i) and (ii) therefore K, = K,. K 


Hence (c) is the correct answer. 34. 


The correct order of acidic strength of the 
given species is 


HSO;F > H,0* > HSO, > HCO, 

(iv) (ii) (iii) (i) 
or (i) <(iii) < (ii) <(iv) 
In aqueous solution, BA(salt) hydrolyses 
to give 
ВА + H,O ===> BOH+HA 

base acid 

Now pH is given by 


pe ME NT 
pH- pK, *—pK, - =ркь 


Substituting given values, we get 35. 


pH= 104+480-478)=701 


NayCO;——> 2Na* + CO4-7 
1x107*M 104M 1x10-4M 


K sp(Bacoy) - [Ba?* СОЗ] 


-5 


(i) НРО + HjO—— H3O'-H5PO4 36, 


acid; | base» ай) Баве 
(ii) HjPO4-- HjO——5HPO$ *H40* 
aeidj basez base; — ас 


(iii) НРО +ОН —>H3P0,+ 027 
base eid acid bases 


Hence only in (ii) reaction, HPO} isacting 
as an acid, 


НСО; =H" + НСО; K,=4.2*107 
HCO; ——H'«CO$ К,=48х10! 


b) 


b) 


@ 


[H*]>>>[CO}"]; [COF ]# 0.034M 
ЇНСО2 ] >> [COF ] and [H+] [НСО]. 


AgBr—— Ав? «Br- 

Koz [Ag] [Br] 

For precipitation to occur 

Ionic product > Solubility product 


ie. precipitation just starts when 1077! 
moles of KBr is added to 11. AgNO, 
solution 

Number of moles of Br- needed from KBr = 
10-11 

Mass of KBr= 10! x 120= 1.2 х 109g 


Mg(OH), ——Mg?* «20H^ 
K= [Mg] ОН}. 
1.0 107! = 103 « [OHP 


По 


[OH ]= 0+ 


10 
pOH-4 
pH+pOH=14 
pH=10 

pH=5 means 
[H*]- 105 

НА == Н* + A 
Бэ о о 


ы 1-а) са са 


But, [H*] «c 
K,- [HP = (10) - 1070 
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37. (9) Скон), (к) 


Cr?* (ag.) + ЗОН (ад) 


YW-K, 


39. 


M,V,=M,V, 
0.1 x 1-001 * V, 
V; 10 litres 
Volume of water added = 10— 1 =9 litres 


а. Ы) 50у) ++Оуь)=—5Оу(а) 


Ky 7 K(RT)* 
where х = An, = number of gaseous moles 


in product 
— number of gaseous moles in reactants 


2: 
A 2 2 


AG*—24942] 
2A —3 B+C. 

1 
[А]= 5. 


2 


а. @ 


IBI-2.(]- 7 


[BC] 2«1/2 


= ТАР 2 
AG' 2.303 RT log Кү. 
24942. 2.303 x (8.314 J/K/mol) x (300K)logK,. 
24942] 


log SS 
эшк 2.303 x 8314 J/ К / mol x 300K 
= logK,=~ 04341: Ke =0.37; Q >Ko 


4L фу AG. 


43. 


45. 


в =24G} (NO,)—2AG (NO) 
0500) 


х 


236) (NO,)= Аб +2Аб} (NO) 
27:10) 

AG= AG? + КТК, 
At equilibrium, 

AG=0,Q=K, 

AG? = ТК, 

AG? (0))-0 

лао) 


1 
= 7 [2 86600-R@98)In (1.6 10у] 


@ Given, A+B==C+D 
“Мо, of moles initially 1 І 1 1 
At equilibrium. Іа 1а la Ha 


b) 


(2 


1+а 1+а 
к= — | -100; —— -10 
* (1-а 1-а 


On solving; a = 0.81 
[DI 7 1527 1081-181 


The salt (AB) given is a salt of weak acid 
and weak base. Hence the pH can be 
calculated by the following formula 


]- di 
^ pH=7+5PK, pK 


1 1 
5 цана = 6.9 


=7+ 


HS—2 +527, Ky,- Ka, = К, 
моь. 010 Ы = 


TE 
[ms] 
1288 | 
[e] 
[S-]-3 < 1020 


21x107 x12x107 


-12х1079 


Equilibrium 


46. 


47. 


48. 
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(c) Concentration of SO} 
M,V,=M.V, 
1x 50- M, х 500 
1 
10 
For just precipitation. 


in BaSO, solution 


M= 


sp 
]- K, (BaS0,) 


Tonic produc 
[Ba] (8027 


[Ba] x a =10” 

[Ва?*]= 10-9 M in 500 mL solution 
Thus [Ba?] in original solution 
(500-50 =450 mL) 

=M, * 450 = 10° х 500 


[where M, = Molarity of original solution] 


500 
M, 2—— x10? =1.11x10° M 
450 


© 


CH,COOK is a salt of weak acid 
(CH,COOH) and strong base (KOH). 
FeCl, is a salt of weak base [Fe(OH),] and 
strong acid (HCI). 
Pb(CH,COO), is a salt of weak base 
РЫОН), and weak acid (CH,COOH) 
АКСМ); is a salt of weak base [Al (OH),] 
and weak acid (HCN). 
() m.molofH,SO,-20*0.1-2 
m. mol ofNH,OH = 30 0.2- 6 

H,S0,* 2NH,OH (NH,), SO, 2,0 


Initial 2m mol бтто 0 
Final (2-2) (6-22) 2m mol 
-0mmo =2 mmol 


[NH,OH],, -2 m mol 
[(NH,), 80,] =2 mmol 


+ 
[МН] =2 х2=4 mmol 
Total Volume = 30 +20=50 mL 
Salt 


ОН = pK, + log | 2 
Р pK, os | Sat 


49. 


50. 


4/50 
=4.7+ los эу 


=4,7 +log2=5 
pH-14-pOH 
pH-14-5-9 
(c) Due to the resonance stabilisation of the 
conjugate base, CH(CN), is the strongest 
acid amongst the given compounds. 
p 
CH(CN); = H € (CN 
хс g 
[s 
SEL 0% 
NC ne 
ын ч 
- ©с—с=м еэ Х--Мм 
E 


HE 
{у 


The conjugate bases of CHBr, and СНІ, 
are stabilised by inductive effect of 
halogens, This is why, they are less stable. 
Also, the conjugate base of СНСІ, 
involves back-bonding between 2p and 3p 
orbitals. 


-105М 


9: 
(10.60) M, so = 98x100 ^ 


4 , 
Муюн 395199 0 M 


After neutralisation [OH | can be calculated as 


(40x10 )-(2x10 x10) 
[OH] 
50 
20 
= з 
ERU 


2 
(OH ]= 5 «10? 
рОН-3397 
pH- 14 pOH 
= 14-3.397= 10.603 
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Redox Reactions 


1. Which of the following is а redox reaction? 
12002 


(а) NaCI- KNO,— NaNO, KCl 
(b) CaC,O,* 2HCI — CaCl, + H,C,0, 
(©) Mg(OH), +2NH,CI— MgCl,+2NH,OH 
(d) Zn*2AgCN 9 2Ag+Zn(CN),. 

2. Several blocks of magnesium are fixed to the 
bottom of a ship to 12003] 


(8) makethe ship lighter 
(b) prevent action of water and salt 

(c) prevent puncturing by under-sea rocks 
(d) keep away the sharks 


3. Which ofthe following chemical reactions depict 
the oxidizing beahviour of H,SO,? [2006] 


(а) NaCl+H3S0,—> NaHSO, + HCI 
(b) 2PCl« H3504 —> 

2POCI; +2НС1+80С1, 
(©) 2HI4H380, ——1; «S0; +2H,0 
(d) Ca(OH) + H550, —> 


CaSO, +2H,0 


+ 32 


In the following balanced reaction, 
XMn0;-YC,0; +ZH* 


2 " 2 
«== XMn*! +2УСО, +—Н;О 


values of X, Y and Z respectively аге 
[2012, 2013] 


(а) 2,5,16 (b 8,2,5 
(с) 5.2.16 (d) 5,8,4 
Which of the following reactions is an example 
ofa redox reaction? 12017] 


(a) XeF,+0,F, > XeF, +0, 

(b) XeF, + PF, — [XeF]* PF 

(c) XeF, H,O  XeOF, + 2HF 

(d) XeF,-2H,O — XeO,F, - 4HF 

The oxidation states of Cr in [Cr(H,O),]Cl,. 
[Cr(C,H,)]. and K,[Cr(CN),(O),(0,)(NH,)] 
respectively are : [2018] 
(a) 33. 4,and36 — (b) +3,+2, and+4 

(c) +3,0, and *6 (d) +3,0,and+4 
Oxidation number of potassium in K,O, K,O, 
and КО, respectively, is: 12020] 


1 
(а) +2,+1апа+ > (b) +1,+1and+1 


(c) +1,+4and+2 (d) +1,+2and+4 


Answer Key 


oo шинжин шин ШЕ ан шин 
а) | w | C) (а | @ | (C) | (0) 


Redox Reactions 


L. @ 
2 b 
з © 
4. (a) 
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5 Second half reaction 
C,0; —22CO0, ww: (iii) 
0 ы 0 #2 а 
Zn *2AgCN— Ag + Хп (CN); On balancing 
Lies C,03 —22C0, +2e wn (iv) 


The oxidation state shows a change only 
in(d) 

Magnesium provides cathodic protection 
and prevents rusting or corrosion, 


-1 46 0 ы 
2HI+ H2804 —— 12+ $05 2H;0 


in this reaction oxidation number of S is 
decreasing from + 6 to+4 hence undergoing 
reduction and for HI oxidation number of | 
is increasing from -l to 0 hence 
underegoing oxidation, therefore H,SO, is 
acting as oxidising agent. 
XMn0j +Y СО +ZH* === 

X Mn™ +2Y CO; +20 
First half reaction ¥ 
MnO, —>Mn?* ww (i) 
On balancing 
MnO, +8H* +5e ——>Mn”* +4H,0 

aw (ii) 


7. 


© 


On multiplying eqn. (ii) by 2 and (iv) by 
5 and then adding we get 
2MnO, +5C,0} +16H* —> 

2Mn^* +10CO, +8H,0 
In the reaction 


Oxidation 


+ i +6 0 
XeF, + O,F, — XeF, + О, 
Reduction 
[Cr(H,0),] Cl, 
=>x+6x0+(-1)x3=0 
=х=+3 
[Сг (С,Н,),] 
х+2х0=0;х=0 
K, [Cr (CN), (О),(О,) (NH,] 
2x1+x+2x(-1)+2x(-2)+(-2)+0=0 
x=+6 


0) К,О:2с-2-0-эх-41 


Thus, potassium shows +1 state in ай its 
oxides, superoxides and peroxides. 
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Hydrogen 


Which of the following species is diamagnetic 
in nature? 12005] 


(à) н; (b) Hj (сун, (d) не} 

Which ofthe following statements in relation to 

the hydrogen atom is correct ? [2005] 

(a) 35, 3p and 3d orbitals all have the same 
energy 

(b) 3s and 3p orbitals are of lower energy than 
3dorbital 

(c) 3p orbital is lower in energy than 3d orbital 

(d) 3s orbital is lower in energy than 3p orbital 

In context with the industrial preparation of 

hydrogen from water gas (CO + H,), which of 

the following is the correct statement? [2008] 

(а) COandH,, are fractionally separated using 
differences in their densities 

(b) CO is removed by absorption in aqueous 
Cu,Cl, solution 

(c) Hy is removed through occlusion with pd 

(d) CO is oxidised to CO, with steam in the 
presence of a catalyst followed by 
absorption of CO, in alkali 

Very pure hydrogen (99.9) can be made by which 

of the following processes ? 120121 

(a) Reaction of methane with steam 

(b) Mixing natural hydrocarbons of high 
molecular weight 

(c) Electrolysis of water 

(d) Reaction of salts like hydrides with water 

In which ofthe following reactions H,O, acts as 

a reducing agent? [2014] 

@ 105 + 211* +20 —+211,0 

() Hj0,-2e —+0, «2H* 


7. 


ЭР, 


(i) H,0,-2e-——20H- 


(с) üG) 

From the following statements regarding H,O,, 

choose the incorrect statement : 12015] 

(a) It has to be stored in plastic or wax lined 
glass bottles in dark 

(b) Ithas to be kept away from dust 

(c) Itcan act only as an oxidizing agent 

(d) It decomposes on exposure to light 

Which one of the following statements about 

water is FALSE? [2016] 

(a) There isextensive intramolecular hydrogen 
bonding in the condensed phase. 

(b) Ice formed by heavy water sinks in normal 


water. 

(c) Water is oxidized to oxygen during 
photosynthesis. 

(d) Water can act both as an acid and as a 
base. 


Hydrogen peroxide oxidises [Fe(CN),]* to 
[Fe(CN),P- in acidic medium but reduces 
[Fe(CN), > to [Fe(CN),}* in alkaline medium. 
The other products formed are respectively: 


(a) (H,0+0,) and H,O 12018] 
(b) (H,O * Oj) and (H,O + OH) 

(с) H,Oand(H,0+0,) 

(d) H,Oand(HjO - OH ) 

The isotopes of hydrogen are: 12019] 


(а) Tritium and protium only 
(b) Protium and deuterium only 
(c) Protium, deuterium and tritium 


(d) Deuterium and tritium only 
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Hydrogen c-51 
10. Thenumber of water molecules(s) not coordinated (a) less efficient as it exchanges only anions 
to copper ion directly in CuSO, - 5H,O, is: (b) more efficient as it can exchange both 


[2019] 
(a) 2 (3 (9! (d) 4 
In comparison to the zeolite process for the 
removal of permanent hardness, the synthetic 
resins method is: 12020] 


cations as well as anions 


less efficient as the resins cannot be 
regenerated 

more efficient as it can exchange only 
cations 


(с) 


(4) 


€) | & | a | à) | 09 | e | e | со | € [| w | 0» 
cC Solutions Эл 
1. (с) H,isdiamagnetic as it contains ай paired А -2 
electrons (ii) HjO,*2e- —>2 ОН (Red) 
Hy =, H} =o) A б 
(diamagnetic) (paramagnetic) (paramagnetic) (iv) H,0,+20H- O2: H50 2e (Ox.) 
He} = оро, Tw | : 
(paramagnetic) 6. (с) HO, hasoxidizing and reducing properties 
| both. 

200) È MOTE In one electron species, suchas у ш) There is extensive intermolecular 
H-atom, the energy of orbital depends only hydrogen bonding in the condensed 
on the principal quantum number, л. phase instead of intramolecular 
ie. is<2s=2p « 3s- 3p - 3d «4s H-bonding. 

=4p=4d=4f 1 

3. @ On the industrial scale, hydrogen is 8. (©) [Fe(CN),]*+ 2 HO, - H —> 
prepared from water gas according to Ч [Fe(CN J+ H,O 
following reaction sequence ы Ыы 

catalyst 1 
COH; + НО —©©®% ›со,+2н, [Fe(CN),]* H0, OH —> 
water gas (steam) = 1 
s [Fe(CN),]* + H,0+ 50, 
E Gu EE E has throe isotopes: 

4776) Very pure hydrogen can be prepared by Protium (,H!), deuterium (Н?) and tritium 
the action of water on sodium hydride. GH). 

NaH- HO —> NaOH + Н, 10. (c) In CuSO,:5H,O, four H,O molecules are 

5. (b) The reducing agent loses electron during directly coordinated to the central metal 
redox reaction i.e. oxidised itself. ion while one H,O molecule is hydrogen 

EI -2 
() H,0,+2H* +2e°—>2H, O (Red.) bonded. . 
Sis * (b) Synthetic resin method is more efficient 


-l П 


(i) H0, —+0)+2H* «2e (Ox.) 


than zeolite process as it can exchange 
both cations as well as anions. 


= 
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The s-Block Elements: 


(10) 


KO, (potassium super oxide) is used in oxygen 

cylinders in space and submarines because it 
12002] 

(a) absorbs СО, and increases O, content 

(b) eliminates moisture 

(c) absorbs CO, 

(d) produces ozone. 

The metallic sodium disolves in liquidammonia 

to form a deep blue coloured solution. The deep. 

blue colour is due to formation of: [2002] 

(a) solvated electron, e(NH3)x 

(b) solvated atomic sodium, Na(NH,), 

(c) (Na^-Na) à 

(d) NaNH,+H, 

A metal M readily forms its sulphate MSO, which 

is water-soluble. It forms its oxide MO which 

becomes inert on heating. It forms an insoluble 

hyroxide M(OH), which is soluble in NaOH 

solution. Then M is 12002] 

@) Mg (b) Ba (с) Ca (d) Be. 

їп curing cement plasters water is sprinkled from 

time to time. This helps in 12003] 

(а) developing interlocking needle-like crystals 

of hydrated silicates 
(b) hydrating sand and gravel mixed with 
cement 

(c) converting sand into silicic acid 

(d) keeping it соо! 

The substance not likely to contain CaCO, is 

(a) calcined gypsum 12003] 

(b) sea shells 


10. 


(c) dolomite 

(d) a marble statue 

The solubility of carbonates decreases down 

the magnesium group due to a decrease in 

12003] 

(a) hydration energy of cations 

(b) inter-ionic attraction 

(c) entropy of solution formation 

(d) lattice energy of solids 

Which one of the following processes will 

produce hard water ? 12003] 

(a) Saturation of water with MgCO, 

(b) Saturation of water with CaSO, 

(c) Addition of Na,SO, to water 

(d) Saturation of water with CaCO, 

One mole of magnesium nitride on reaction with 

an excess of water gives [2004] 

(a) twomoles ofammonia 

(b) one mole of nitric acid 

(c) onemole ofammonia 

(d) twomoles ofnitric acid 

Based on lattice energy and other 

considerations, which one of the following alkali 

metal chlorides is expected to have the highest 

melting point ? 12005] 

(а) RbCI (b) KCl (c) NaCl (d) LiCl 

The ionic mobility of alkali metal ions in aqueous 
12006] 

(c) K' (d) Rb 


solution is maximum for 
(a) Lf (b) Na 


The s-Block Elements 


п. 


13. 


14. 
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The products obtained on heating LiNO, will 
be: [201188] 


(а) 110+ М№0,+0, (b) 14,М40, 


() Ш,ОФМО40, (d) LiNO, +0, 
What is the best description of the change that 
occurs when Na,O(s) is dissolved in water ? 

1201168] 
(8) Oxide ion accepts sharing a pair of electrons 
(b) Oxide ion donates a pair of electrons 


(c) Oxidation number of oxygen increases 
(d) Oxidation number of sodium decreases 
Which of the following on 
decomposition yields a basic as well as acidic 


thermal 


oxide ? [2012] 
(а) NaNO, (b) KCIO, 

© Caco, (d) NH,NO, 

The first ionisation potential of Na is 5.1 eV. The 


value ofelectron gain enthalpy of Na‘ will be 
[2013] 
(a) -2.55eV (b) 
© -102eV (d) 
Stability of the species Li,, 
in the order of: 1 


i; and Lif increases 

12013] 
(а) Lij«Lij«Lig (b) Lig «Lij «Li; 
© Li;«Lig«Lij (d) Li; «Li; « Lij 


Which опе of the following alkaline earth metal 
sulphates has its hydration enthalpy greater 
than its lattice enthalpy ? 12015] 


18. 


19. 


20. 


(a) BaSO, (b) SrSO, 
(c) CaSO, (d) BeSO, 
The main oxides formed on combustion of Li, 
Na and К in excess of air аге, 


(а) Li,O, NajO, and KO, 

(b) Li,O, Na,O, and KO, 

(© Li,O,Na,Oand KO, 

(d) LiO,,Na,O, and K,O 

Both lithium and magnesium display several 

similar properties due to the diagonal 

relationship; however, the one which is incorrect 

is: 12017] 

(8) Both form basic carbonates 

(b) Both form soluble bicarbonates 

(c) Both form nitrides 

(d) Nitrates of both, Li and Mg, yield МО, and 
O, on heating 

The alkaline earth metal nitrate that does not 

12019] 


crystallisc with water molecules, is: 

(а) Mg(NO,), (b) Sr(NO,), 
(с) Ca(NOj, (d) Ba(NO)). 
Magnesium powder burns in air to give: 


12019] 
(а) Mg(NO,), and Mg,N, 
(b) MgO and Mg,N, 
(c) MgO only 
(d) MgO and Mg(NO,), 


Answer Key 
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Lo 
2 8 
з. @ 
4 @) 
5 w 
6 @) 
7.0 
8.0) 


Solutions 


СЄ 


25 


2KO, +2H,O +2KOH+H,0,+0,. 
KO, is used as an oxidising agent. It is used 
as air purifier in space capsules, submarines 
and breathing masks as it produces oxygen 
and removes carbon dioxide. 
The alkali metals dissolve in liquid ammonia 
without evolution of hydrogen. The metal 
loses electrons and combine with ammonia 
molecule. 
M—> M’ (in liquid ammonia) 

+e (ammoniated) 
M + (x +y) NH,—>[M(NH,),]"+ e (NEL), 

Solvated electron 

It is ammoniated electron which is 
responsible for colour. 
Sulphates of alkaline earth metals are 
sparingly soluble or almost not soluble in 
water whereas ReSO, is soluble in water 
due to high degree of solvation. Ве(ОН), 
is insoluble in water but soluble in NaOH. 
BeO --2NaOH —> Na; BeO, + HO 
Setting of cement is exothermic process 
which develops interlocking crystals of 
hydrated silicates, 
Gypsum is CaSO, 2Н,О 
As we move down the group, the lattice 
energy of carbonates remains 
approximately the same. However, the 
hydration energy of the metal cations 
decrease from Be?* to Ва?*, hence the 
solubility of carbonates of the alkaline earth 
metals decreases down the group mainly 
due to decreasing hydration energy of the 
cations from Be” to Ва?”, 
Permanent hardness of water is due to 
chlorides and sulphates of calcium and 
magnesium i.e CaCl,, CaSO,, MgCl, and 
MgSO, 
Mg,N, + 6H,0 «== 3Mg(OH), +2NH, 


9. 


п. 


12. 


13. 


[3] 


@ 


@) 


b 


© 


b) 


b) 


LiC has partly covalent character. Other 
halides are ionic in nature. Lattice energy 
decreases with increase of ionic radius of 
cation, anion being the same, Larger is the 
lattice energy, higher will be them. p., hence 
NaCl will have highest lattice energy. 
Smaller the size of cation, higher is its 
hydration energy and greater is its ionic 
mobility, hence the correct order is 
Lit <Na*<K*< Rb* 

4LINO, > 2Li,0+4NO, +0, 


O^ +H,O—> OH + ОН? 
Base | Acid Conjugate Conjugate 
base acid 
J ^ J 
СаСОз +> СаО + СОЈ 


Basic oxide Acidic oxide 


ч For Na——>Na* +e" IE,=5.1eV 


2. Бог Na‘ +e ——>Na EF--5.1eV 
(because the reaction is reverse) 
Li, (6)=o1s? 05157 62s? 


1 
2. Bond order- (4—2) =1 
Li (5) = с152 *1s? o2s! 
во. -18-2-05 


Li; (7)- 61s! o*1s'2s?6*25! 


The bond order of Li; and Li; is same but 
Lif is more stable than Li; because Li; is 
smaller in size and has 2 electrons in 
antibonding orbitals whereas Li; has 3 
electrons in antibonding orbitals, Hence Liz 
is more stable than Liz. 


The s-Block Elements 


16. @ 


17. 5 
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Inalkaline earth metals, ionic size increases 
down the group. The lattice energy remains 
constant because sulphate ion is so large, 
that small change in cationic size does not 
make any difference. On moving down the 
group the degree of hydration of metal ions 
decreases very much leading to decrease 
in solubility. 
4Li+0,—>2Li,0 Lithium monoxide 
2Na - O, — NajO, Sodium peroxide 
K+0,>KO, || Potassium superoxide 


18. (a) 
19. @ 
20. ® 


Mg can form basic carbonate 
3MgCO, . Mg(OH), .3H,O V 

While Li can form only carbonate (Li, CO). 
not basic carbonate. 

The chances of formation of hydrate 
decreases with the decrease in the charge 
density down the group. Therefore, 
Ba(NO,), does not crystallise with water 
molecules. 

Mg burns in air and produces a mixture of 
nitride and oxide. 


ad 
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The p-Block Elements 
(Group-13 and 14)»: 


Alum helps in purifying water by 12002] 

(a) forming Si complex with clay particles 

(b) sulphate part which combines with the dirt 
and removes it 

(c) coagulating the mud particles 

(d) making mud water soluble. 

Graphite is a soft solid lubricant extremely 

difficult to melt. The reason for this anomalous 

behaviour is that graphite [2003] 

(a) isanallotropic form of diamond 

(b) hasmolecules of variable molecular masses 
like polymers 

(c) has carbon atoms arranged in large plates 
of rings of strongly bound carbon atoms 
with weak interplate bonds 

(d) is a non-crystalline substance 

Glassisa 

(а) super-cooled liquid 

(b) gel 

(©) polymeric mixture 

(d) micro-crystalline solid 

For making good quality mirrors, plates of float 

glass are used. These are obtained by floating 

molten glass over a liquid metal which does not 

solidify before glass. The metal used can be 

[2003] 


[2003] 


(а) tin (b) sodium 
(c) magnesium (d) mercury 

Beryllium and aluminium exhibit many properties 
which are similar. But, the two elements differ in 


12004] 


6. 


P 


(a) forming covalent halides 

(b) forming polymeric hydrides 

(c) exhibiting maximum covalency in compounds 
(d) exhibiting amphoteric nature in their oxides 
Aluminium chloride exists as dimer, ALCI, in 
solid state as well as in solution of non-polar 
solvents such as benzene. When dissolved in 
water, it gives [2004] 
(а) [AKO]  3HCI 

(b) [AIO -3CI- 

(c) АР*+3СЇ 

(d) Al,0,+6HCI 

Heating an aqueous solution of aluminium 


chloride to dryness will give 12005] 
(а) АКОН)С, (b) ALO, 
(c) ALCI, (d) AICI, 
In silicon dioxide 12005] 


(а) there are double bonds between silicon and 
oxygen atoms 

(b) silicon atom is bonded to two oxygen atoms 

(c) cach silicon atom is surrounded by two 
oxygen atoms and each oxygen atom is 
bonded to two silicon atoms 

(d) cach silicon atom is surrounded by four 
oxygen atoms and each oxygen atom is 
bonded to two silicon atoms. 

The structure of diborane (B,H,) contains 

12005] 

(a) four 2c-2e bonds and four 3c-2e bonds 

(b) two 2c-2e bonds and two 3c-3e bonds 

(c) two 2c-2e bonds and four 3c-2e bonds 

(d) four 2c-2e bonds and two 3c-2e bonds 


The p-Block Elements (бгоор-13 NY 
10. 


п. 


12. 


13. 


14. 
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A metal, M forms chlorides in its +2 and +4 

oxidation states. Which of the following 

statements about these chlorides is 

correct? [2006] 

(а) MCl,is more ionic than MCI, 

(b) MCI, is more easily hydrolysed than MCI, 

(c) МСІ, іѕ more volatile than MCI, 

(d) MCI, is more soluble in anhydrous ethanol 
than MCI, 

bility of dihalides of Si, Ge, Sn and Pb 

ses steadily in the sequence [2007] 

(а) РЫХ, <<SnX) << GeX; <<SiX, 

(b) бех, << SiX,<< SnX, «« PbX, 

(© SiX,<<GeX,<<PbX,<<SnX, 

(d) SiX,<< бех, << $nX,<< РЫХ, 

Which one of the following is the correct 


The 
increa 


statement? 12008] 
(8) Boricacid isa protonic acid 
(b) Beryllium exhibits coordination number of 


six 

(c) Chlorides of both beryllium and aluminium 
have bridged chloride structures in solid 
phasc 

(d) В.Н,2МН, is known as ‘inorganic 
benzene’ 


Among the following substituted silanes, which 
one will give rise tocross linked silicone polymer 


on hydrolysis is 12008] 
(а) RSi (b) кс, 
(c) RSICI, (d) в, 


In view of the signs of A, С” for the following 
reactions: 

PbOz+Pb—>2PbO, A, 
AG >0 


<0 


810, + Sn = 2510 
which oxidation states are more characteristics 
for lead and tin ? 12011 RS] 
(a) Forlead +2, for tin +2 
(b) For lead +4, for tin +4 


(c) For lead +2, for tin +4 

(d) For lead +4, for tin +2 

Which of the following are Lewis acids? 
[2018] 

(а) PH, andBCl, (b) AICI, and SiCl, 

(с) РН, andSiCl, (d) BCI, and AICI, 

When metal *M' is treated with NaOH, a white 

gelatinous precipitate “Х” is obtained, which is 

soluble in excess of NaOH. Compound “Х” when 

heated strongly gives an oxide which is used in 

chromatography as an adsorbent. The metal *M* 

is: 12018] 

(а) Zn (b Ca (c) Al (d) Fe 

Correct statements among ‘A’ to ‘D’ regarding 

silicones are: 12019] 

(A) They are polymers with hydrophobic 

character. 

(B) Theyare biocompatible. 

(C) In general, they have high thermal stability 

and low dielectric strength. 

Usually, they are resistant to oxidation and 

used as greases. 

(а) (A), (В), (C) and (D) 

(b) (A). (B) and (C) only 

(c) (A)and (B) only 

(d) (A), (B) and (D) only 

Aluminium is usually found in +3 oxidation 

state. In contrast, thallium exists in +1 and + 3 

oxidation states. This is due to: 12019] 

(a) inert pair effect 

(b) diagonal relationship. 

(c) lattice effect 

(d) lanthanoid contraction 

Ceo an allotrope of carbon cantains: 

(a) 12 hexagons and 20 pentagons. 

(b) 18 hexagons and 14 pentagons. 

(c) 16 hexagons and 16 pentagons. 

(d) 20 hexagons and 12 pentagons. 


(D) 


[2019] 


Answer Key 
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Chemistry 
aa Solutions 25 
(c) Alum furnishes AP" ions which bringabout 8. (d) In SiO, (quartz), each of O-atom is shared 
coagulation of negatively charged clay between two 510% tetrahedra, 
particles, bacteria etc. | | 
(c) In graphite, carbon is sp? hybridized. Each [9 о 
carbon is thus linked to three other carbon i n 
atoms forming hexagonal rings. Since only o/ ^о 1^0 
three electrons of each carbon are used in 7 0 ev s 
making hexagonal ring, fourth electron of ] | 
each carbon is free to move. This makes 9 (0 n отаде ае авн. Ше E Ён four 
Р с-2е bonds and two 3c-2e bonds (see 
graphite a good conductor of heat and pape, алс). ( 
electricity. 
Further graphite has a two dimensional H, 
sheet like structure. These various sheets н, H, 
are held together by van der Waal's force D A 
: : nes B B 
of attraction. which makes it difficult to ta NS 
melt. Further due to these weak forces of н; ча тҮ 27 H, 
attraction, one layer can slip over the other. H, 
Which makes graphite soft and a good H,= terminal hydrogen 
lubricating agent. H, = bridging hydrogen 
(а) Glass is a translucent or transparent 10. (a) Metal atom in the lower oxidation state 
amorphous supercooled solid solution or forms ionic bond whereas in the higher 
we can say super cooled liquid of silicates oxidation state forms covalent bond, 
and borats having a general formula R,O. because higher oxidation state means small 
MO. 6SiO,. where R= Na or K and M =Ca, size and high polarizing power and hence 
Ba, Zn or Pb. greater the covalent character. So, MCI, is 
(d) It is mercury because it exists as liquid at more ionic than MCI,. 
тоошде га Ш. (d) Reluctance of valence shell electrons to 
(© Themaximum valency of beryllium is +2, Participate in bonding is called inert pair 
ХУЛ О of aluminium itis-+3. effect. The stability of lower oxidation state 
iie (32 for group 14 elements) increases on going 
©) АҺА, + 128,0 == down the group. So the correct order is 
2[AKH,0)** + 6С SiX,<GeX, < SnX,<PbX, 
(b) Thesolution ofaluminium chloridein water 12. (c) The correct formula of inorganic benzene 


is acidic due to hydrolysis. 
AICI, +3H,0 —> АКОН), + 3HCI. 
On heating till dryness, Al(OH), is 
converted into А1,О,. 


АКОН), —— Al,0,+3H,0 


is B,N,H, so (d) is incorrect statement 
OH 

Boric acid (H,BO, or в —OH) isa Lewis 
он 


acid во (4) is incorrect statement. 


The p-Block Elements (тоор VA 04:10 


13. 


14. 


15. 


© 


© 
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c-59 
The coordination number exhibited by 
beryllium is 4 and not6 so statement (b) is cl q H 
also incorrect. | 
8 e — Sic — 0. 
Both BeCl, and AICI, exhibit bridged — cr 7 0 rA н 
structures in solid state, so (c) is correct с © с © 
statement. l 
The cross linked polymers will be formed a 
by RSICI, Ї 
он а—й—он+на 
nRSiCl, — ue элк – si-on— cl 
OH i.e., option (b) AICI, and SiCI, is also 
correct. 
R R о 16. © 
| | 
»-0-8i-0-8i-0-Si-R Al+3H,0 NO, AKOH) 4 +3/2H3(2) 
оо 0 White в доне ppt. 
SOF Sr ORS Өвийн R АКОН); excess of NaOH Na[AKOH)4] 
R R o Soluble 
(Cross linked polymer) 2AKOH); —^—A1,04 43H50 
(x) 
Negative A,G? value indicates that 2 ALO, is used as adsorbent in 
oxidation state is more stable for Pb?* Also chromatography. Thus, metal ‘M’ is Al. 
itis supported by inert pair effect that+2 — 17. (d) Siliconesarepolymers containing Si—O— 
oxidation state is more stable for Pb and Si linkages with strong hydrophobic 
+4 oxidation state is more stable for Sn. character. 
ie Sn? < РЫ, бийг» Pb** Generally, they exhibit high thermal 
(b, d) ВСІ, and AICL,, both have vacant p-orbital stability with high dielectric strength. 
and incoinpleis octet, thus they behave Silicon greases are resistant to oxidation 
NES w. which are commonly used for greasing 
ў : з purposes. 
SiCl, can accept lone pair of electron in 
М p pee 18. (a) Dueto the inert pair effect, thallium exists 
d-orbital of silicon, hence it can act as H Sg 
Ч, in more than one oxidation state. Also, for 
ар | : thallium + | oxidation state is more stable 
Although the most suitable answer is (d). Калзан sists 
However, both options (b) and (d) can be рә (р Fullerene (Cy) contains 20 hexagons (six 


considered as correct answers. 
e.g. hydrolysis of SiCI, 


membered) rings and 12 pentagons (five 
membered rings): 
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Organic Chemistry- 
Some Basic Principles & 
Techniques 


Arrangement of (СН), — C — (CH), — CH ~, 

CH, = CH, — when attached to benzyl or ап 

unsaturated group in increasing order of 

inductive effect is [2002] 

(а) (СН/,-С-«(СН/,-СН-«СН,-СН, 

(b) CH,-CH,-«(CH,),- CH- «(CH L)- Ç- 

© (CH, ),- CH-«(CH,),-C —« CH, -CH,- 

(d) (CHj,- C-«CH,-CH, <(CH, L)- CH 

A similarity between optical and geometrical 

isomerism is that 12002] 

(а) cach forms equal number of isomers for a 

given compound 

(b) ifin a compound one is present then so is 
the other 

(c) both аге included in stereoisomerism. 

(d) theyhave no similarity. 

Which of the following does not show 

geometric: 12002] 

(а) 1,2-dichloro-1-pentene 

(b) 1,3-dichloro-2-pentene 

(c) 1,1-ФоМого-1-ретепе 

(d). 1,4-dichloro-2-pentene 

The functional group, which is found in amino 

acidis 12002] 

(à -COOHgroup (b) – МН, group 

(c) -CH, group (d) both (a) and (b). 

Which of the following compounds has wrong 

IUPAC name? 12002] 

(а) CH,-CH,-CH,-COO- CH,CH, > 


ethyl butanoate 


(b CH,- бн -CH,-CHO» 


isomerism? 


CH; 


3-methyl-butanal 


6. 


х 
Ny 


© CH,- CH-CH-CH, > 
| | 
OH сн; 


2-methyl-3-butanol 


1 
(0 СН,-СН-С-СН,-СН“- 
CH; 

2-methyl-3-pentanone 
The IUPAC name of CH,COCH(CH,), is[2002] 
(а) 2-methyl-3-butanone 
(b) 4-methylisopropyl ketone 
(c) 3-methyl-2-butanone 
(d) isopropylmethyl ketone 
In which of the following species is the 
underlined carbon having 5р? hybridisation? 


12002] 
(а) CH,COOH (b) CH, CH,OH 
(c) CH,COCH, (d) CH, CH, 


Racemiomixture is formed bymixing two 12002] 
(a) isomeric compounds 

(b) chiral compounds 

(c) meso compounds 

(d) enantiomers with chiral carbon. 
Following types of compounds (as I, II) [2002] 


CH,CH — СНСН, єнснон 

Снн; 
@) 0) 

are studied in terms of isomerism in: 

(8) chain isomerism 

(b) position isomerism 

(c) conformers 

(d) stereoisomerism 


Organic Chemistry-Some во ИШЕСЕ eenaiques 


10. 


13. 


14. 


The reaction: [2002] 15. 
(CH,C - Br 2° (CH,),-C-OH 

(a) elimination reaction 

(b) substitution reaction 16. 


(c) feeradical reaction 
(d) addition reaction. 

In the anion HCOO™ the two carbon-oxygen 
bonds are found to be of equal length, What is 
the reason for it ? [2003] 


(a) TheC=Obondis weakerthantheC —O 17. 


bond 

(b) The anion НСОО has two resonating 
Structures 

(c) The anion is obtained by removal of a 
proton from the acid molecule 

(d) Electronic orbitals of carbon atom are 
hybridised 

The general formula С,Н,,О, could be for open 

chain 7 12003| 

(a) carboxylicacids (b) diols 

(c) dialdehydes (d) diketones 

Among the following four structures I to IV, 

12003] 


CH; O CH; 


| | | 
C)Hs- CH-GH, СН,-С-СН-сүНы 19 


[Ш] an 


CH; 


С.Н; — CH- CH; 


n av) 


it is true that 
(a) only Land Паге chiral compounds 
(b) only II is a chiral compound 

(c) onlyllandIV are chiral compounds 
(d) all four are chiral compounds 

The IUPAC name of the compound is 


v 


(а) 3,3-dimethyl-l-cyclohexanol — 2004] 
(b) 1, I-dimethyl-3-hydroxy cyclohexane 

(с) 3,3-dimethyl-I-hydroxy cyclohexane 

(d) 1, 1-dimethyl-3-cyelohexanol 


19. 


с-61 


Which опе of the following does not have sp? 
hybridised carbon ? [2004] 
(8) Acetonitrile (b) Acetic acid 
(c) Acetone (d) Acetamide 
Which ofthe following will have а meso isomer 


also? [2004] 
(а) 2,3- Dichloropentane 
(b) 2,3-Dichlorobutane. 


(c) 2-Chlorobutane 
(d) 2-Hydroxypropanoic acid 

Amongst the following compounds, the 
optically active alkane having lowest molecular 
mass is 12004] 


H 
1 
@) one 


сун; 


CH; 
| 

(b) СН,-СН,-СН-СН, 

(0) CH;-CH;-CH;-CH; 

(d) CH;-CH,-C=CH 

Consider the acidity of the carboxylic acids : 

(1) PhCOOH 

Q) 0-NO,C,H,COOH 

G) p-NO,CH,COOH 

(4) m-NO,C,H,COOH 

Which of the following order is correct? 

(a) 2>4>1>3 (b) 2>4>3>1 

© 1>2>3>4 (d 2>3>4>1 


Which of the following is the strongest base ? 
[2004] 


12004] 


(b) L Ymon, 
(d) С у-сым, 


c-62 
20. 


21. 


22. 


24. 


25, 
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Which of the following compounds is not chiral? 
(а) 1-chloro-2-methyl pentane 12004] 
(b) 2-chloropentane 

(c) l-chloropentane 

(9) 3-chloro-2-methyl pentane 

Due to the presence of an unpaired electron, 
free radicals are: 12005] 
(a) 
(5) 


cations 
anions 

(c) chemically inactive 
(d) chemically reactive 


The decreasing order of nucleophilicity among 
the nucleophiles is [2005] 


(A) CH,COO- 
(B CHjO- 

© CN. 

(D нс 

(а) (С), (В), (А), (D) 
(с) (0), (С), (В). (А) 


50; is 


(Б) (В), (С), (А), (D) 
(d) (А). (В), (С), (D) 


The reaction 12004, 2005] 
о о офа 
к-С *Nu—R-C +X 
Эх Nnu 
is fastest when X is 
(a) OCOR (b OC;Hs 
(с) NH3 (d) Cl 


Which types of isomerism is shown by 2, 3- 
dichlorobutane? 12005] 


(a) Structural (b) Geometric 

(c) Optical (d) Diastereo 

The IUPAC name ofthe compound shown below 

is: 12006] 
СІ 


Вг 
(а) 3-bromo-I-chlorocyclohexene 


(b) l-bromo-3-chlorocyclohexene 
(с) 2-bromo-6-chlorocyclohex-1-ene 
(d) 6-bromo-2-chlorocyclohexene 


26. 


27. 


28. 


29. 


Chemistry 


The increasing order of stability of the following. 
fice radicals is 2006] 
(а) (С,н,),Сн < (C(H),C < (сн), < 
(CH,),CH 
(b) (CH,),CH <(CH,),€ < (CH, 6H < 
(CH), C 
(СНу,б < (CH,),CH < (С,н,),Сн < 
(CHÈ 


(с) 


(C,H); < (CH,),CH < (CH),6 < 
(CH,),CH 
CH3Br+ Nu ——2 CH; - Nu Br 


(d) 


The decreasing order of the rate of the above 
reaction with nucleophiles (Маг) A to D is. 

12006] 
[Nu = (A) PhO; (B) AcO;, (С) НО”, (D) CH,O ] 
(a) A>B>C>D (Ы) B>D>C>A 


(с) D>C>A>B (d D>C>B>A 
Ме 
Eu 
Ф 
* еме 
OH /N 
n-Bu Et 


The alkene formed as a major product in the 


above elimination reaction is [2006] 
Me Ме 

“cr EY 

© MA V (а сн,=сн, 


Increasing order of stability among the three 
main conformations (i.e. Eclipse, Anti, Gauche) 
of 2-fluoroethanol is 12006] 


(8) Eclipse, Anti, Gauche. 
(b) Anti, Gauche, Eclipse 
(о 
(9 


Eclipse, Gauche, Anti 
Gauche, Eclipse, Anti 
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35. 
30. 


32. 


p 
ә 


34. 


The IUPAC name of | is 


[2007] 
(а) 3-cthyl-4,4-dimethylheptane 

(b) 1, I-diethyl-2,2-dimethylpentane 

(c) 4, 4-dimethyl-5,5-diethylpentane 

(d) 5, 5-dicthyl-4,4-dimethylpentane. 

Which ofthe following molecules is expected to 
rotate the plane of plane-polarised light? 


2007] 
COOH mE 
(a) һа (0 но н 
H CH,OH 
© NA 
SH 


H,N 
(d) Him) 
Ph 


Presence ofa nitro group in a benzene ring 
12007] 
(a) deactivates the ring towards electrophilic 
substitution 
(0) activates the ring towards electrophilic 
substitution 
(c) renders the ring basic 
(d) deactivates the ring towards nucleophilic 
substitution. 
Which one of the following conformation of 


cyclohexane is chiral? 12007] 
(a) Boat (b) Twist boat 
(c) Rigid (d) Chair. 
The absolute configuration of 12008] 

HOC, OH 

“”он 
HOH m 

(а) 5,5 (b) R.R 
© RS (d) SR 


36. 


578 


38. 


39. 


40. 


c-63 


The electrophile, E? attacks the benzene ring 
to generate the intermediate с-сотріех. Of the 
following, which c-complex is lowest energy? 


12008] 
NO, 
H 
© © ® Өр 
H `E 
NO, NO, 


(d) A H 

E 
The correct decreasing order of priority for the 
functional groups oforganic compounds in the 
TUPAC system of nomenclature is 12008] 
(а) -СООН,-50,Н,-СОМН, - CHO 
(b) —SO,H,- COOH,- CONH,,- CHO 
(c) -CHO,- COOH, - SO,H, - CONH, 
(d) —CONH, - CHO, - SO,H, - COOH 
ThelUPACnameofneopentaneis — [2009] 
(a) 2,2 dimethylpropane 
(b) 2-methylpropane 
(c) 2,2-dimethylbutane. 
(d) methylbutane 
Arrange the carbanions, 
(CH3))C.CCly.(CH3); CH .C;HsCH; 
order of their decreasing stability is 
(а) (СНууСН» CCl; > С,Н,СН, > (СНз) С 
(b) Сс; > CgHs CH, > (CH) CH > (CH3); 
(с) (Сну); С> (CH), CH > CgHsCH, > CCl, 
(d) CgHsCH > CCl; > (CH3)3C > (CH); CH 
The alkene that exhibits geometrical isomerism is: 
(a) 2- methyl propene 12009] 
(b) 2-butene 
(c) 2-methyl -2- butene 
(d) propene 


The number of stereoisomers possible for a 
compound ofthe molecular formula 


[2009] 


CH,-CH-CH-CH(OH)-Meis: | [2009] 
(b) 2 © 4 
(d) 6 (d) 3 


с-64 
ГҮЙ 


44. 


CH; 


46. 
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Chemistry 
The correct order of increasing basicity of the on SH 
given conjugate bases (R= CH,)is [2010] 
пасо нас w 
(b R«HCsC«RCOO « NH; 
(с) RCOO«NH,«HCsC«R OH SH 
(d RCOO«HCeC«NH,«R (а) Only(i) (b) G)and(ii) 


Out of the following, the alkene that exhibits 

optical isomerism is 12010] 

(a) 3-methyl-2-pentene 

(b) 4-methyl-I-pentene 

(c) 3-methyl-1-pentene 

(4) 2-methyl-2-pentene 

The change in the optical rotation of freshly 

prepared solution of glucose is known as: 
[2011RS] 


(a) racemisation (b) specific rotation 
(c) 
A solution of( – ) — 1 —chloro —1— phenylethane 
in toluene racemises slowly in the presence ofa 
small amount of SbCI., due to the formation of: 


12013] 


mutarotation (d) tautomerism 


(а) carbanion (b) carbene 
(d) freeradical 
The order of stability of the following 


carbocations : 12013] 


(c) carbocation 


Ф 
CH; 


е e 
= CH-CH; ; CH; - CH; - CH 
1 п 
(a) Ш>П>1 (b) П>Ш>1 
© In (d) mri 
For which ofthe following molecule significant 
12014] 


n20? 
с! CN 
(i) (ii) 


cl CN 


47. 


48. 


49. 


50. 


(с) OnlyGii) (d) (iii) and iv) 
Which of the following compounds will exhibit 
geometrical isomerism ? [2015] 
(а) 2-Phenyl-l - butene 

(b) 1,1-Diphenyl- 1 - propene 
(с) 1- Phenyl -2 - butene 

(d) 3-Phenyl-1- butene 

The absolute configuration of 

CO,H 


н——он 
н—|—с! 
CH, 


(a) (25,35) (b) QR.3R) 
(c) QR.3S) (d) (25,38) 


The hottest region of Bunsen flame shown in 
the figure below is : 12016] 


region 4 
region 3 
region 2 
region 1 


region 3 (b) region 4 
(d) region 2 


[2016] 


is: 


(а) 

© 

Which of the following molecules is least 

resonance stabilized? 12017] 
| | 


9 O ONG 
a 
eu Ф 


region 1 
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51. The increasing order of reactivity of the 52. The correct IUPAC name of the following 
following compounds towards aromatic compound is: 12019] 
electrophilic substitution reaction is: NO, 

12019] 7 


el Me Me oN 
cl 
CH, 
A B [^ D 


(а) 5-chloro-4-methyl-1-nitrobenzene 
(b) 2-chloro-1-methyl-4-nitrobenzene 
(c) 3-chloro-4-methyl-1-nitrobenzene 
(d) 2-methyl-5-nitro-1-chlorobenzene 


(a) D<A<C<B (b B<C<A<D 
(с) A<B<C<D (d) D<B<A<C 


Answer Key 


cC Solutions > 


1.) -CH, group has +1 effect, as number of 


1 2 3 4 5 
-СН, group increases, the inductive effect CICH,CH = CHCHCH, 


increases. а 
Therefore the correct order is (d) 
CH;- CH;- « (CH),- CH- < (CHj),C— does not show geometrical isomerism due 
2. (c) Bothdifferin the arrangement of group in to presence of two similar atoms (Cl) on 
space, therefore grouped under sterio- the doubly bonded C-atom. 
isomerism. 4. (d) Aminoacids contain — NH, and - COOH 
1 groups, e.g glycine Н.МСН,СООН, 
3. © cicH— 5. (с) Thecorrect name is 3 - methylbutan - 2 - ol 
о CH; 
2! 3 4 


1 

6. () CH,-C- СН-СН, 

3-Methyl-2-butanone 

7. (b) In molecules (a), (c) and (d), the carbon 

atom has a multiple bond, only (b) has р? 
01023458 hybridisation. 

CLC = CHCH,CH,CH, $. (d) A mixture of equal amount of two 

© enantiomers is called a racemic mixture. 
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9. (d) Stereoisomerism, isomers differ in the 
arrangement of groups in space (Q2) | 
The two structures show sterioisomerism. 
Structure I shows geometrical isomerism | 
as it contains two different atoms or groups 
H and CH, attached to each carbon ау) 
containing double bond. 


и 14. (a) 
HG _ „єн, Ну _ „СЫ; 


с=с‹ с=с‹ ad 
H^ “н нс ^H 


trans-butene HO 
3, 3-Dimethyl -1 cyclohexanol 


cis-butene 
Structure II shows optical isomerism as it 


contains a chiral carbon (attached to four o 
different groups) atom. эр3 | 3р3 s | 
cu, сн, 15. 6) HC- сасну CH- C 

кее Hoc Acetone 
3 
3 Ч КАШГ 
CH,CH, CH,CH, rer 
Butyl alcohol (two enantiomers) 


Acetonitrile 


Acetamide 


10. (b) The hydrolysis of butyl bromide is an 


example of S, | reaction. 


16. 09) E vot Compounds containing two 


П. (b HCOO- exists in following resonating similar chiral C-atoms have plane of 
кк, symmetry and can exist in meso form too. 
CH 
o 09 H La 
н MES НЫ d Мө © e B plane of symmetry 
Hence in it both the carbon oxygen bonds CH 
are found equal. 20 i à 
А А : " meso-2, 3-Dichlorobutane 
12. @) сњо, is general formula for carboxylic yy g) арасат Duane hað achin] 
i 
+ H 
CH, m 
13. @ CH; C-CH, RM 
H Chiral сн, 
а Len 18. (d) In carboxylic acids, presence of electron 


withdrawing substituent e.g. -NO, 
disperses the negative charge of the anion. 
and stabilises it and hence increases the 
acidity of the parent acid. 

Further o-isomer will have higher acidity 
than corresponding m-and p-isomers due 
to ortho and high inductive effect of NO, 
group. Since nitro group at p-position has 
more pronounced electron withdrawing 
than —NO, group at m-position, hence the 
ш) correct order is: 


Ї Achiral 
carbon 
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COOH COOH 


© - Q., 


COOH COOH 


NO, 
« « p 
NO, 


19. (d) Lone pair of electrons present on the 
nitrogen of benzyl amine is not involved 
in resonance. 

I-chloropentane is not chiral while others 
arechiral in nature 


20. ©) 


LN NE 1 A 5 
CICHJCHCH,CH,CH, 


CH, 
(a) 
142 3 4 3 
Н,ССНСН,СН,СН, 
с! 
(b) 

1 2$ 3 .# 
CICH,CH,CH,CH.CH, 
(c) 

1 2 . 4 $ 
CH,CH СНСН,СН, 
CHCI 
` (d) 


21. (d) Free radicals are electrically neutral, 
unstable and very reactive on account of 
the presence of odd electrons. 

22. (а) In moving down a group, the basicity and 
nucleophilicity are inversely related, i.e. 
nucleophilicity increases while basicity 
decreases. In going from left to right across 
a period, the basicity and nucleophilicity are 
directly related. Both of the characteristics 
decrease as the electronegativity of the atom 
bearing lone pair of electrons increases, If 
the nucleophilic centre of two or more 
species is same, nucleophilicity parallels 
basicity, i.e. more basic the species, stronger 
is its nucleophilicity. 

Hence based on the above facts, the 
correct order of nucleophilicity will be 


с-67 


СМ > СНО > СН СОО? > Н.СС,Н,505 

( в) (A) (D) 
23. (d) —Clis the best leaving group among ће 
given options. 


a 
cH} cu. 2, 3-Dichlorobutane 


HH 
exhibits optical isomerism due to the 
presence of two asymmetric carbon atoms. 


СІ 


24. (e) 


25. (а) 


3-Bromo-1-chlorocyclohexene. 

The order of stability of free radicals 

(ColHs)3 € > (C6Hs)2 CH > (CH3) C > 
(сну), CH 

The stabilisation of first two is due to 

resonance and last two is due to hyper 

conjugation. 


26. 0) 


27. () 


CH4COO- осн; 
€s are delocalised. Max. e density on O 
28. (d) Hofmann'srule : When theoretically more 

than one type of alkenes are possible in 
eliminations reaction, the alkene containing 
least alkylated (least substituted) double 
bond is formed as major product. Hence 


ae юв 
А 
А > 
ө M 
NET N- Me 
СН, СН, | 


п-Ви 
He-OH- + 
CH,= CH, 


<С,Н;07 <ОН < 


P 
n-Bu 


Ё NOTE Therefore less sterically hundred 
B-hydrogen is removed. 


29. 0) 


-H 
Due to hydrogen bonding between H & F 
gauche conformation is most stable hence 
the correct order is Eclipse, Anti, Gauche 
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Л 6 
30. (а) CH 


сн; 


5 4 4 1 
CIL— C — CHI —- CH,—CH, 


CH, CH,CH; 
3-Ethyl-4,4-dimethylheptane 


The organic compounds which have chiral 
carbon atom (a carbon atom attached to 
four different groups or atoms) and do not 
have plane of symmetry rotate plane 
polarised light. 


CHO 
| 
HO-C-H 
| 
CH30H 


(* is asymmetric carbon) 


Nitro group is electron withdrawing group, 
so it deactivates the ring towards 
electrophilic substitution. 

Chiral conformation will not have plane of 
symmetry. Since twist boat does not have 
plane of symmetry, it is chiral, 


4 1 


5 2 


The absolute configuration is (R, К) 
(use priority rules to get the absolute 
configuration) 
In option (b) the complex formed is with 
benzene whereas in other cases it is formed 
with nitrobenzene with -NO, group in 
different positions (o-, m-, p-). The complex 
formed with nitrobenzene in any position 
of -NO, group is less stable than the 
complex formed with benzene, so the most 
stable complex has lowest energy. 
The correct order of priority for the given 
functional group is 

о о 


i i 
-COOH > -SO3H > -C- NH; >-C-H 


Chemistry 
37. (a) 
сн, 
Neopentane 
or 2,2- Dimethylpropane 
38. b) 
cl 


of = Р 
QC» CHCH, > (CHSCH > (Сн; 
CI 


-ve charge -M effect + effect of CH, group 
highly dispersed delocalises intensifies the -ve charge 
due to —Teffect -ve charge 
39. (b HC н. НС, 

P. 9 M ls E Ын pus 
va `. ZN 
H H Н CH; 
cis-2-butene trans-2-butene 
40. (b) CH;-CH-CH-CHCH; 
1 
он 
It exhibits both geometrical as well as 
optical isomerism. 
cis-R 
trans -R E 
41. (d) The corresponding conjugate acid are 


CH;COOH > СН = СН > МНу> RH 


Most acidic Least acidic 


^. the correct order of basicity is 


ЁСОО «СН-С «NH;-«R 


H 
|А 
4. © HC HC— С" —CH; CH; 
| 
CH; 
3- Methyl-1-pentene 
43. (c) When cither of the two forms of glucose is 


dissolved in water, there is change in 

rotation till the equilibrium value of + 52.5°. 

This is known as mutarotation 

a-D(*) Glucose == Equilibrium mixture 
+111,5° +52.5° 


== PDH Glucose 
a 


Organic Chemistry-Some Bas VKA BERRAK 


44. (c) Carbocationsare planarhencecan beattacked 
on either side to form racemic mixture. 


SbCls 


CI-CH- CH, — DO Р. Си- -CH;-*SbCl; —› 
| шин 
Ph 
o Ph- CH - CH; - SbCl; 
| 
cl 


(441) mixture 
45. (d) Higher stability of allyl and benzyl 
carbocations is due to dispersal of positive 
charge by resonance 
ө 
CH, Can. CH, cH, - CH=CH, 


Resonating structures of allyl carboca 


CH, CH, CH, 
4—» <> <1 
506 


Resonating structures of benzyl carbocation, 


whereas in alkyl carbocations dispersal of 
positive charge on different hydrogen atoms is 
due to inductive effect. Hence the correct order 
of stability will be 


e 
CH, 


Ф e 
CH-CH; >CH; -CH 


> CH; -СН, 


Benzyl, Ш Ау Propyl, 1 


H 
H 
A 
O 
H 


їп both the molecules the bond moments 
are not cancelling with each other and 
hence the molecules has a resultant dipole. 
H 
47. () H,C—C-—CH—CH;Ph 
In l-phenyl-2-butene, the two groups 
around the doubly bonded carbons are 
different. This compound can show cis-and 
trans-isomerism. 


JN — 069 


в. @ соон 
н--4-он 
н--9-с 

CH, 
At(2), 


es % Ф 
ay — ote 
о Ф 
*S'configuration 


A). 


© ? [0] E 
EAE 
© [9] 
"p'configuration 
49. (d) Region 2 (blue flame) will be the hottest 
region of Bunsen flame shown in given 
figure. 
о 


is nonaromatic and hence least 


50. @ 


reasonance stabilized, whereas other three 


are aromatic. 
51. (а) 
(+land+H) — (-Iand +М) 
NO, 
52. 0) 


CH, 


2-Chloro-1-methyl-4-nitrobenzene 
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Which of these will not react with acetylene? 
[2002] 

(a) diLNaOH (b) ammonical AgNO, 

(c) NainliQNH, (d) HCI 

What is the product when acetylene reacts with 

hypochlorous acid? 12002] 

(а) CH,COCI (b) CICH,CHO 

(c) CLCHCHO (d) CICH,COOH. 

On mixing a certain alkane with chlorine and 

irradiating it with ultraviolet light, it forms only 

one monochloroalkane. This alkane could be 
12003] 

(a) pentane (b) isopentane 

(c) neopentane (d) propane 

Butene-1 may be converted to butane by 


reaction with [2003] 
(à) Sn-HCl (b) Zn—Hg 

(c) Pd/H, (d) Zn—HCI 

Which one of the following has minimum boiling 
point? 12004] 
(a) 1-Вшепе (b) 1- Вшупе 


(с) n-Butane (d) Isobutane 

2-Methylbutane on reacting with bromine in the 

presence of sunlight gives mainly 120051 

(a) l-bromo-3-methylbutane 

(b) 2-bromo-3-methylbutane 

(c) 2-bromo-2-methylbutane 

(d) l-bromo-2-methylbutane 

Reaction of one molecule of HBr with one 

molecule of 1, 3-butadiene at 40°C gives 

predominantly 12005] 

(a) 1-bromo-2-butene under kinetically 
controlled conditions 

(b) 3-bromobutene under thermodynamically 
controlled conditions 


18, 


12. 


39 


(c) l-bromo-2-butene under thermodyna- 
micallycontrolled conditions 
(d) 3-bromobutene under kinetically controlled 
conditions 

Ofthe five isomeric hexanes, the isomer which 

can give two monochlorinated compounds is 
12005] 

(а) 2-methylpentane 

-dimethylbutane 

-dimethylbutane 

ехапе 

The compound formed as a result of oxidation 

of ethylbenzene by KMnO, is 12007] 

(а) benzylaleohol (b) benzophenone 

(c) acetophenone (d) benzoicacid 

Which of the following reactions will yield 

2, 2-dibromopropane? [2007] 

(а) CH,-CH-CH,-HBr -> 

(b) CIl- C = CIL t 2HBr > 

(c) CH,CH- CHBr-- HBr — 

(d) СН -СН-2НВГ-» 

The reaction of toluene with Cl, in presence of 

FeCl, gives predominantly ^ [2007] 

(а) m-chlorobenzene 

(b) benzoyl chloride 

(c) benzyl chloride 

(d) o- and p-chlorotoluenes. 

Toluene is nitrated and the resulting product is 

reduced with tin and hydrochloric acid. The 

product so obtained is diazotised and then 

heated wth cuprous bromide. The reaction 

mixture so formed contains. 12008] 

(a) mixture of o- and p-bromotoluenes 

(b) mixture of o- and p-dibromobenzenes 

(c) mixture of o- and p-bromoanilines 

(d) mixture ofo- and m-bromotoluenes 
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13. In the following sequence of reactions, the 19. Which branched chain isomer of the 
alkene affords the compound *B* hydrocarbon with molecular mass 72u gives only 
сну -сн=сн-сн, 9549 ув, one isomer of mono substituted alkyl s | 
The compound B is [2008] (a) Tertiary butyl chloride 
(à СН,СН,СНО (b) Neopentane 
(b CH,COCH, (c) Isohexane 
(©) CH,CH,COCH, (d) Neohexane 
(d) CH,CHO 20. 2-Hexyne gives trans-2-hexene on treatment 
14. Thehydrocarbon which can react with sodium with: [2012] 
in liquid ammonia is 12008] (a) РИН, (b) Li/NH, 
ё) CH,CH;CH;C = CCH;CH;CH, (©) Pd/BasO, (d) ШАН, 
Œ) CH,CH,CaCH 21. Which compound would give 5-keto-2- 
() CH3CH = CHCH; 


18. 


(d) CH4CH;C = CCH;CH; 

The treatinent of CH,MgX with CH4C = C-H 
produces 12008] 
(а) CH,-CH-CH, 

(b) СН,С-С-СН, 

(0) CH,-CH-CH-CH, 

(d) CH, 

One mole ofa symmetrical alkene on ozonolysis 
gives two moles of an aldehyde having a 
molecular mass of 44 и. Thealkeneis [2010] 
(a) propene (b) I-butene 

(c) 2-butene (d) ethene 
Ozonolysis of an organic compound 'A' produces 
acetone and propionaldehyde in equimolar 
mixture. Identify 'A' from the following 
compounds: I2011RS] 
(а) 1-Решепе 

(b) 2- Pentene 

(c) 2- Methyl - 2 - pentene 

(d) 2- Methyl - 1 — pentene 

The non aromatic compound among the 
following is : I2011RS] 


na 

s 

(c) (d) (3 
Q 


methylhexanal upon ozonolysis ? 


Hy 
Н; 
ch, 
CH. 
н, = 
© (у= @ 
CH; 


[2015] 


22. In the following sequence of reactions : 


23. 


SOCL, H;/Pd 


Тошепе—КМ+ › A 8005, g Rn ус 
the product C is : [2015] 


(à) C,H,CH,OH | (b) C,H,CHO 
(c) CHCOOH (d) CjH,CH, 
The product of the reaction given below 


I.NBS/bv ух [2016] 
2. H20/K COs 


o COH 
2) CT (b) о; 
£ 

Q @ “| 


OH 


с-72 
24. 


25. 
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Chemistry 


The reaction of propene with HOCI (Cl, +H,0) 
proceeds through the intermediate: 


12016] 
(à CH,-CH(OH)-CHj 

(b CH;-CHCI-CHj 

() СН,-СН"-СН,-ОН 


(d CH,-CH*-CH,-CI 

3-Methyl-pent-2-ene on reaction with HBr in 
presence of peroxide forms an addition product. 
The number of possible stereoisomers for the 


product is : 12017] 
(а) Sx (b) Zero 
(с) Two (d) Four 


26. 


27. 


The trans-alkenes аге formed by the reduction 
of alkynes with: 12018] 
(а) H,-Pd/C,BaSO, (b) NaBH, 
(c) Малі. МН, ^ (d) Sn-HCI 


The major product ofthe following reaction is: 


(i) DCI (Lequiv.) 
(DI 


C= CH 12019] 


CH,CD()CHDXCI) 
CH,CD(CI)CHD() 
CH,CD,CH(CI)(1) 
CH,CUXCDCHD, 


(c) | (o 


20 


Answer Key 


TET 23215421 Е 2: EE C EE 
€ | e | сэ 
21 


16 18 19 22 23 25 26 27 
© а | & | »| à [| o [| ow @ | C) | w 
cC Solutions 2j 
1. 0) Acetylene reacts with the other three 2 
reagents as: CH; 
CH; CH,-C -CH 
Сн = Сма e H ecu — e, [| 371 à 
E CHCI єн; 
axi CH; 4 (с) Alkenes combine with hydrogen under 
| pressure and in presence ofa catalyst (Ni, 
CHCI, Pt or Pd) and form alkanes. 
CH =сн—ЇА#Оз+Мнону y Butene-1 #2"! > Butane 
AgC-CAg-NH,NO, 5 D Å NOTE Among isomeric alkanes, the 
white ppt. straight chain isomer has higher boiling 
Guo point than the branched chain isomer. The. 
2 © CHeCH«HOCI i greater the branching of the chain, the 
lower is the boiling point. Further due to 
CHCI A 
the presence of s electrons, these moleculs 
, [CHOH), CHO are slightly polar and hence have higher 
нос “|e | boiling points than the corresponding 
CHCI, CHCI, alkanes. 
Dichloroacetaldehyde Thus B.pt. follows the order 
3. (с) In neopentane all Н atoms are equivalent alkynes> alkenes > alkanes (straight chain) 


@°). 


> branched chain alkanes. 


Hydrocarbons 


WWW.JEEBOOKS.IN 


c-73 


CH; 


6. © CH; -CH-CH; -CH; 82-5 
2-Methylbutane sun light 


CH; 


CH; - C- CH;CH; 


r 
2-Bromo-2-methyl butane 


Ease of replacement of H-atoms 3° > 2? 1°, 


1 © 
Br 
M> CH, = CH bi CH, 
Peo Eee 


L> CH,- CH - CH - CH, 


Br 
At 40 °C the product is 
1, 4-addition. 


m }* 
CH, CH, 
13 m 
8. (9 CH, —CH— ÇH—CHy 
Since it contains only two types of H-atoms 
henceit will give only two monochlorinated 
compounds viz. 
CH3 CH; 
| ! 
CLCH; — CH-CH- CH; 
1-Chloro-2, 3-dimethyl butane 


CH; CH; 
and CH,- C - CH-CH; 


2-Chloro-2,3-dimethylbutane 


9. (d) When alkyl benzenes are oxidised with 
alkaline KMnO, (strong oxidising agent), the 
entire alkyl group is oxidised to -COOH 
group regardless of length of side chain. 


CH,CH; ООН 
KMnO4/OH ^ 
(Oxi n) 


Ethylbenzene 


Benzoic acid 


10. (b) The reaction follows MarkownikofT rule 
which states that when unsymmetrical 
reagent adds across unsymmetrical double 
or triple bond, the negative part adds to 
carbon atom having lesser number of 
hydrogen atoms. 


CH; -C = СН + HBr— > 


Br 


| 
CH; -C=CH, “> cu, С-сн, 
| 


| 
Вг Br 


2-Dibromopropane 


11. @ FeCl, is Lewis acid. In presence of FeCl, and 
Cl, toluene undergoes electrophilic 
substitution in о- and p- positions. 

CH; Hs 
cl 
+c, 2h, 
Toluene o-Chlorotoluene 
CH, 
" 
e 
p-Chlorotoluene 
12. а) НЕ Toluene (C,H,CH,) contains -CH, 


group which is o-, p- directing group so on 
nitration of toluene the —NO, group will 
occupy o-, p- positions. 


CH, 


NO, 


p-Nitro toluene 


o-Nitro toluene 


On reduction with Sn/HCl they will form 
corresponding anilines in which NO, group 
changes to -МН,. The mixture now contains 


WWW.JEEBOOKS.IN 
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CH, сн, CH; 
NH, | 
a CH, -C=0 +CH; - CH; -CHO 
Acetone Propionaldehyde 
NH, H H 
? Ca 
These anilines when diazotized and then 18: @ <> 807 Carbon 
treated with CuBr form o-, p- bromotoluenes 
(Sandmeyer reductions). 
13. (d) Completing the sequence of given reactions, Cyclopentadiene а чу obey*Fluckel's 
CH; -CH -CH-cH,— Rule, as it has sp? carbon in the ring. 
CH; 
H CH, —22/1h0 , Ch /hv 
3 19. 0) H,C—C—CH, —ronohalogenation 
(ozonide) CH, 
2CH,CHO+H,0+ ZnO Neopentane 
| = | Single product 
14. 6) Alkynes having terminal -C= H react with In(neopentane, all hydrogen atoms are 
Na in liquid ammonia to yield H, gas Rivalen. — 
cH,CH,C=cH__#i8 20. (b) Anti addition of hydrogen atoms to the triple 
2 liquid NH3 bond occurs when alkynes are reduced with 
‚1 sodium (or lithium) metal їп liq. ammonia, 
CH;CH;C-C Na +—Н›(в) ethylamine, ог alcohol at low temperatures. 
4 4 This reaction called, a dissolving metal 
3 eX +CH,-C=C- “ 
15. (0 CEMEX FOR CHC P. reduction, produces an (E)- or rrans-alkene. 
шань. -a Н Sodium in liq. NH, is used as a source of 
16. (є) CH;CH=CHCH; —22> electrons in the reduction of an alkyne to a 
2-Butene trans alkene. 
CH,— CH, —CH,—C=C—CH 
a OC н b—CH 2 8 
HC н 
3 Li/NHy 
Birch reduction 
Zn/H50. 
21109, 3CHSCHO 150; CH—cH,—cHN н 
17. (c) From the products formed it is clear that P 7 = 
the compound has 5 carbon atoms with a H CH. 
double bond and methyl group on 2" ., trans-2-Hexene 
carbon atom. @ 
ү H; 
СН,-С-СН-СН,-СН, @Оз-78°С 4, 
(2- Methyl-2- pentene) (1) Zn-CH3COOH 
(A) 
CH, 


5-Keto-2-methylhexanal 


Hydrocarbons 


22. 


23. 


24. 
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CH, COOH 


à) KMnO4 500 


CHO 


reduction. 


@ N- bromosuccinimide results into 
bromination at allylic and benzylic 
positions 


o-[2 


More stable 
COSS JEOK,CO, | 42 
— 
-©н- сн, 
® 2 st intei e 
cu, Zcn- cu, «c Cl More stable intermediate 
-єн-сн, 
cl 


25. 


Ci, -CH - CH," CH,- 
cl cl 


єн-сн, 
он 
(d) Addition of HBr on 3-methylpent-2-ene in 


presence of peroxide, takes place in anti- 
Markownikov's rule. 


CH, 


B 
Сн, —CH= C—CH,CH з у 


3-Methyl pent-2-ene. 
Br CH, 


| 
CH, -CH- CH - CH; = CH; 


2-Bromo-3-methyl pentane 
(2 chiral centres) 


Since two chiral centres are present in the 
product, four steremers (2) are possible. 


CH, CH, 

H Br H 
н CH; H 
Br H H Br 
H CH, HC H 

GH, сн, 
ш) ву) 
Na/liq. NH; 
26. (©) (Birch reduction) `< 
" DCI = 
27. @ CH,-C2C-H CO CH,- сен 
ар 
DI 
Le 
CH,- C-ÇH 
ср 


Both additions follow Markovnikov's rule. 
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Chemistry 


(14) 


The smog is essentially caused by the presence 

of [2004] 

(a) oxides of sulphur and nitrogen 

(b) O,and N, 

© OjandO, 

(d) O,andN, 

Identify the wrong statement in the following: 

12008] 

(a) Chlorofluorocarbons are responsible for 
ozone layer depletion 

(b) Greenhouse effect is responsible for global 
warming 

(c) Ozone layer does not permit infrared 
radiation from the sun to reach the earth 

(d) Acid rain is mostly because of oxides of 
nitrogen and sulphur 

Identify the incorrect statement from the 

following : [2011RS] 

(a) Ozone absorbs the intense ultraviolet 
radiation of the sun. 

(b) Depletion of ozone layer is because of its 

chemical reactions with chlorofluoro- 

alkanes. 

Ozone absorbs infrared radiation. 

Oxides of nitrogen in the atmosphere can 

cause the depletion of ozone layer. 

What is DDT among the following ? 

(a) Greenhouse gas 

(b) A fertilizer 

(c) Biodegradable pollutant 

(4) Non-biodegradable pollutant 

The gas leaked from a storage tank of the Union 

Carbide plant in Bhopal gas tragedy was: [2013] 

(а) Methyl isocyanate 

(b) Methylamine 

(c) Ammonia 

(4) Phosgene 


(0) 
(9 


12012] 


10. 


ЭР 
The concentration of fluoride, lead, nitrate and 
iron in a water sample from an underground lake 
was found to be 1000 ppb, 40 ppb, 100 ppm and 
0.2 ppm, respectively. This water is unsuitable 
for drinking due to high concentration оѓ: 
[2016] 
(а) Nitrate (b) Iron 
(c) Fluoride (d) Lead 
A water sample has ppm level concentration of 
following anions 12017] 
F-— 10: SO? = 100; МО;= 50 
the anion/anions that make/makes the water 
sample unsuitable for drinking is/are : 


(а) onlyNO; | (b) both SOF and NO; 
©) (d) only 502 


The recommended concentration of fluoride ion 
in drinking water is up to 1ррт as fluoride ion is 
required to make teeth enamel harder by 
converting [3Ca,(PO,),.Ca(OH),]to: [2018] 
(а) [CaF] 

(b) [3(CaF,).Ca(OH),] 

(c) [3Ca,(PO,),.CaF,] 

(d) [B {(Ca(OH),}.CaF,] 

A water sample has ppm level concentration of 
the following metals: Fe = 0.2; Mn = 5.0; Cu = 
3.0; Zn = 5.0. The metal that makes the water 
sample unsuitable for drinking is: 12019] 
(a) Cu (b Mn (с) Fe (d) Zn 
Excessive release of CO, into the atmosphere 
results in: 12019] 
(a) global warming 

(b) polar vortex 

(c) formation of smog 

(d) depletion of ozone 


only F- 


Environmental Chemistry 
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1 2 3 4 5 6 7 8 9 10 
(а) | (0 | C) | (D ауа | (6 1 €) | 0) | w 
cC Solutions 25 
1. (а) Photochemical smog is caused by oxides 7. (e) Concentration of F- in drinking water 
of sulphur and nitrogen. above 2ppm causes brown mottling of. 
2 © B NOTE Ozone layer acts as a shield and teeth. 
does not allow ultraviolet radiation from в (у [ca (PO, Са(ОН) 2F 
sunto reach earth. Itdoes not prevent infra- Hydroxyapatite (drinking 
red radiation from sun to reach earth. Wet 
3. (c) The ozone layer, existing between 20 to 
35 km above the earth’s surface, shield the [Cas(PO 4), Сав | «20H 
earth from the harmful U. V. radiations from Fluorapatite 
the sun, (Harder teeth 
9 P А " enamel) 
Depletion of ozone is caused by oxides of 
nitrogen 9. (b) The water sample containing Mn = 5 ppm is 
N,O+hv —> NO+N unsuitable for drinking as the prescribed 
4. @ DDTisanon-biodegradable pollutant, level for Mn in drinking water is 0.5 ppm. 
5 @ 10. (a) Global warming is caused by the emission 
6. (а) Themaximum limit of nitrate in drinking of green house gases. 72% of the totally 


water is 50 ppm. Excess nitrate in drinking 
water can cause disease such as 
methemoglobinemia (‘blue baby’ 
syndrome). 


emitted green house gases is СО). Therefore, 
excessive release of CO, is the main cause 
of global warming. 


58 
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The Solid State 


Na and Mg crystallize in bcc and fcc type 
crystals respectively, then the number of atoms 
of Na and Mg present in the unit cell of their 


respective crystal is 12002] 
(a) 4and2 (b) Sand 14 
(с) 14and9 (d) 2and4 


How many unit cells are present in a cube- 

shaped ideal crystal of NaCl of mass 1.00 g ? 
12003] 

[Atomic masses : Na= 23, Cl - 35.5] 

(а) 5.14% 1021 unit cells 

(b) 1.28 x 10?! unit cells 

(©) 1.71 х 1021 unitcells 

(d) 2.57» 102! unitcells 

What type of crystal defect is indicated in the 

diagram bclow ? 12004] 


Na*CI^Na*Cl Na*CI- 


СІ СГ-Ма“Г | ма” 
Na*CF С Na* Cr 
СІ Nat CFNa* Г | Ма” 


(a) Interstitial defect 
(b) Schottky defect 

(c) Frenkel defect 

(d) Frenkel and Schottky defects 

An ionic compound has a unit cell consisting of 
A ions at the corners ofa cube and B ions on the 
centres of the faces of the cube. The empirical 
formula for this compound would be — [2005] 


(а) АВ (b AB, (с) АВ (d AB 


10. 


Р. 


Total volume of atoms present in а füce-centred 
cubic unit cell ofa metal is (r is atomic radius) 


12006] 
12 16 

@ сул? 0) чут 

© an (d) Зар 


In a compound, atoms of element Y form ccp 
lattice and those of element X occupy 2/3"! of 
tetrahedral voids. The formula of the compound 


will be [2008] 
@) X,Y, (b) X,Y, 
© XY (d) X,Y, 


Copper erystallises in fcc with a unit cell length 
of 361 pm. What is the radius of copper atom? 
12009] 

(а) 127pm (b) 157pm 

(c) 181pm (d) 108pm 

The edge length ofa face centered cubic cell of 

an ionic substance is 508 pm. If the radius of the 

cation is 110 pm, the radius of the anion is 

(а) 288pm (b) 398pm — [2010] 

(c) 618pm (d) 144pm 

Percentages of free space in cubic close packed 

structure and in body centered packed structure 

are respectively 12010] 

(а) 30%and26% (b) 26% and 32% 

(c) 32%and48% — (d) 48% and 26% 

Copper crystallises in fcc lattice with a unit cell 

edge of 361 pm. The radius of copper atom is : 
[2011RS| 

(а) 108pm (b) 128pm 

(с) 157pm (d) 181pm 


The Solid State 
n. 


12. 


13. 
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Lithium forms body centred cubic structure. The 
length of the side ofits unit cell is 351 pm. Atomic 


radius of the lithium will be : 12012] 
@ 75pm (b) 300pm 
(c) 240pm (d) 152pm 


Which of the following exists as covalent 
crystals in the solid state ? 12013] 
(а) Iodine (b) Silicon 

(с) Sulphur (d) Phosphorus 
Experimentally, it was found that a metal oxide 
has formula M, 90. Metal M, present as M2* 
and М? in its oxide. Fraction ofthe metal which 


exists as МЎ would be : 12013] 
(a) 701% (b) 408% 
(©) 605% (d) 5.08% 


CsCl erystallises in body centered cubic lattice. 
If ‘a’ is its edge length then which of the 
following expressions is correct? [2014] 


@ + 


(d) лу top -4За 


The correct statement for the molecule, CsI, is: 
(а) Itisa covalent molecule. 12014] 


16. 


17 


19. 


(b) Itcontains Cs* and I5 ions. 
(c) It contains Cs** and Г ions. 
(d) Itcontains Cs*, 1 and lattice L, molecule. 
Sodium metal crystallizes in a body centred cubic 


lattice with a unit cell edge of 4.29A. The radius 
of sodium atom is approximately : [2015] 
(а) 5.72A (b) 0.93À 
(c) 186А (d) 322À 


A metal crystallises in а face centred cubic 


structure. If the edge length of its unit cell is 'a', 
the closest approach between two atoms in 


metallic crystal will be : 12017] 
(а) 2а (b 2/2а 
© 2а (d) 


Which type of ‘def 
cations in the interst 
(a) Schottky defect 

(b) Vacancy defect 

(c) Frenkel defect 

(d) Metal deficiency defect 

The one that is extensively used as a 
12019] 


* has the presence of 
ial sites? 12018] 


piezoelectric material is: 
(a) tridymite 

(b) amorphous silica 
(с) quartz 

(d) mica 


Answer Key 
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cC Solutions 2j 
1. (d) Inbcc-pointsareatcornersandoneinthe 6. (а) From the given data, we have 
centre of the unit cell. Number of Y atoms in a unit cell = 4 
Number of atoms per unit cell Number of X atoms in a unit cell 
2 16 
=8хт+1-2 Soha 
From the above we get the formula of the 
In fcc - points are at the corners and also das X ipa Y; XY. 
centre ofthe six faces of each cell. compound as А ЫШ Аң 1з 
Number of atoms per unit cell 7. (а) Forfecunitcell, 4r= Za 
t i 
-8х-46х--4 
БАН eg У2х361 уут pm 
2. (d) Since in NaCl type of structure 4 formula 4 
пайа тта сай. | | 8. (d) Foran fee crystal 
No. of yai cells present in a cubic crystal edge length 
_ dxa xNa _тхМА Raton + Tanion = —- — 
MxZ  MxZ 508 
Е 10x 6.02x1023 Пот = 5 
‚ units cells = EX 
58.5х4 Fanion = 224— 110= 144 рт 
-2.7х 10" uniteells. 9, (b) Packing fraction is defined as the ratio of 
3. (5 When equal number of cations and anions the volume of the unit cell that is occupied. 
are missing from their regular lattice by the spheres to the volume of the unit 
positions, we have schottky defect. cell. 
This type of defects are more common in PF. for cep and bcc are 0.74 and 0.68 
ionic compounds with high co-o respectively. 
number and wage sfüPof positive and So, the free space in cep and bcc are 26% 
negative ions are almost equal e.g. NaCl & 32% respectively. 
КОес, 10. (b) For fec lattice 
4. (b) Number of A ions in the unit cell. 
1 af? - 4r 
agta a=361pm (given) 
Number of B ions in the unit cell 
3 
1 36152 Ge л28рт 
T4683 4 
Hence, empirical formula ofthecompound 1. — (d) For bce structure 3a = 4r 
TAE, 3-4 
5. (b) The face centered cubic unit cell contains pge x351 = 152рт. 
4atoms 02. 9 


2. Total volume of atoms = 4 x ie 


СЭР 
3 


13. (b) Foronemole of the oxide 
Moles ofM = 0.98 
Moles of О? = 1 


The Solid State 


14. 


© 
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Let moles of MÀ =x 
г. Moles of M” = 0.98 —x 
On balancing charge 
(0.98-х)х2+3(х)=2 
(098-х)х243х-2-0 
x-0.04 

0.04 


—— x 100 = 4.08% 
0.98 


2 % ofM 


Relation between radius of cation, anion 
and edge length of the cube 


15, 
16. 


17. 


18. 


b) 
© 


© 


© 


тос 
cst Cr 


СМ, dissociates as Csl, — Cs* + I; 
In Бес the atoms touch along body 
diagonal 
2r+2r= Ja 
Уза 3 х429 


r= ХЭВ УЛ ХЭЛ = 1.857A 
4 4 


For a fcc шїї сей 


va 


4 


2. closest distance (2r) ==" = 


In Frenkel defect someofions (usually cations 
dueto their small size) missing from their 
normal position, occupy position in 
interstitial sites. 

Quartz exhibits piezoelectricity and thus 
can be used as a piezoelectric material. 
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Solutions 


(16) 


Freezing point of an aqueous solution is 
-0.186 C. Elevation of boiling point of the same 
solution is K, = 0.512 "CK 1.86 *C, find the 
increase in boiling point. 12002] 
(a) 0.186*C (b) 0.0512°C 

(c) 0092°С (4) 02372*C. 

In mixture 4 and В components show -ve 
deviation as 12002] 
(а) AF 0 AO 


mix 

(b) AV, 70 AH ig <0 

(c) A-B interaction is weaker than A — 4 and 
B-B interaction 

(d) A-B interaction is stronger than A — A and 
B — B interaction. 

If liquids A and B form an ideal solution [2003] 

(8) theentropy of mixing is zero 

(b) the free energy of mixing is zero 

(c) the free energy as well as the entropy of 
mixing is zero 

(d) the enthalpy of mixing is zero. 

In a 0.2 molal aqueous solution of a weak acid 

HX, the degree of ionization is 0.3. Taking K, for 

water as 1.85, the freezing point ofthe solution 

will be nearest to 12003] 

(a) -03609С (b) —0.260*C 

(с) +0.480°C (d) —0.480*C 

A pressure cooker reduces cooking time for food 

because 12003] 

(a) boiling point of water involved in cooking 
is increased. 

(b) the higher pressure inside the cooker 
crushes the food material 

(c) cooking involves chemical changes helped 
byarise in temperature 

(d) heat is more evenly distributed in the 
cooking space 


Which one of the following aqueous solutions 

will exihibithighest boiling point ? 12004] 

(а) 0.015 M urea (b) 0.01 M KNO, 

(c) 0.01MNa,SO, (d) 0.015 М glucose 

For which of the following parameters, the 

structural isomers C,H,OH and СН,ОСН, would 

be expected to have the same values?( Assume 

ideal behaviour). 12004] 

(a) Boilingpoints 

(b) Vapour pressure at the same temperature 

(c) Heat of vaporization 

(d) Gaseous densities at the same temperature 
and pressure 

Which of the following liquid pairs shows a 

positive deviation from Raoult’s law? [2004] 

(а) Water - nitric acid 

(b) Benzene- methanol 

(c) Water - hydrochloric acid 

(d) Acetone- chloroform 

Which one of the following statements is FALSE? 

[2004] 

(a) The correct order of osmotic pressure for 
0.01 M aqueous solution of each 
compound is 
BaCl, > KCl > СН,СООН > sucrose 

(b) The osmotic pressure (л) of a solution is 
given by the equation x= MRT, where M is 
the molarity of the solution 

(c) Raoult’s law states that the vapour pressure 
of a component over a solution is 
proportional to its mole fraction 

(d) Two sucrose solutions of same molality 
prepared in different solvents will have 
same freezing point depression 


Solutions 


10. 


п. 


12. 


14. 


15. 
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Benzene and toluene form nearly ideal solution. 
At 20°C, the vapour pressure of benzene is 75 
torr and that of toluene is 22 torr. The partial 
vapour pressure of benzene at 20°C for a 
solution containing 78 g of benzene and 46 g of 


toluene in torr is 12005] 
(а) 535 (b) 375 
(с) 25 (d) 50 
Equimolar solutions in the same solvent have 
[2005] 
(a) Different boiling and different freezing 
points 


(b) Same boiling and same freezing points 

(c) Same freezing point but different boiling 
points 

(d) Same boiling point but different freezing 
points 

Ifa is the degree of dissociation of Na,SO,, the 

vant HofP's factor (i) used for calculating the 

molecular mass is 

(а) 1-29 (b) 1420 

©) l-a (d) 1+9 

Among the following mixtures, dipole-dipole as 

themajor interaction, is present їп [2006] 

(а) KCland water 

(b) benzene and carbon tetrachloride 

(c) benzene and ethanol 

(d 

18 g of glucose (C,H,,O,) is added to 178.2 g of 

water. The vapour pressure of water for this 

aqueous solution at 100 *C is 12006, 2016] 

(а) 7600Torr (b) 75240Torr 

(c) 759.00 Torr (d) 7.60 Torr 

A mixture of ethyl alcohol and propyl alcohol 

has a vapour pressure of 290 mm at 300 К. The 

vapour pressure of propyl alcohol is 200 mm. If 

the mole fraction of ethyl alcohol is 

0.6, its vapour pressure (in mm) at the same 


[2005] 


acetonitrile and acetone 


temperature will Бе 12007] 
(а) 360 (b) 350 
(c) 300 (d) 700 


16. 


17. 


18. 


19. 


20. 


Equal masses of methane and oxygen are mixed 
in an empty container at 25°С. The fraction of 
the total pressure exerted by oxygen is [2007] 
@ 12 (b) 28 


(d) 13, 
298 
А 5.25% solution ofa substance is isotonic with a 
1.5% solution of urea (molar тав = 60 g тог) in 
the same solvent. If the densities of both the 
solutions are assumed to be equal to 1.0 g ст, 
molar mass ofthe substance willbe — [2007] 
(а) 210.0gmol! (b) 90.0g mol! 

(c) 1150g ma! (d) 105 08 тог! 

At 80°C, the vapour pressure of pure liquid ‘A’ 
is 520 mm Hg and that of pure liquid ‘B’ is 1000 
mm Hg. Ifa mixture solution of ‘A’ and ‘B’ boils 
at 80 °C and at | atm pressure, the amount of ‘A’ 
in the mixture is(1 atm=760mmHg) [2008] 
(a) 52molpercent (b) 34 mol percent 
(c) 48molpercent (d) 50 mol percent 
The vapour pressure of water at 20 °C is 17.5 mm 
Hg. If 18 g of glucose (C,H,,0,) is added to 
178.2 g of water at 20 °C, the vapour pressure of 
the resulting solution will be 12008] 
(a) 17323 шиНЫ (V) 15.730 nun Hg 

(с) 16500mmHg (d) 17.500mmHg 

A binary liquid solution is prepared by mixing n- 
heptane and ethanol. Which one of the following 
statements is correct regarding the behaviour 
[2009] 
(a) The solution is non-ideal, showing — ve 

deviation from Raoult’s Law, 


of the solution? 


(b) The solution is non-ideal, showing + ve 
deviation from Raoult's Law. 

(c) n-Heptane shows + ve deviation while 
ethanol shows — ve deviation from Raoult's 
Law. 

(d) Thesolution formed is an ideal solution. 


c-84 
21. 


22. 


23. 


24. 


25. 
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Two liquids X and Y form an ideal solution. At 
300 K, vapour pressure of the solution 
containing 1 mol of X and 3 mol of Y is 550 mmHg. 
At the same temperature, if 1 mol of Y is further 
added to this solution, vapour pressure of the 
solution increases Бу 10 mmHg. Vapour pressure 
(in mmHg) of Xand Y in their pure states will be, 
respectively: [2009] 
(a) 300and400 (b) 400and 600 

(c) 500аа4600 (d) 200and 300 

If sodium sulphate is considered to be 
completely dissociated into cations and anions 
in aqueous solution, the change in freezing point 
of water (AT), when 0.01 mol of sodium sulphate 
is dissolved in 1 kg of water, is (Ку 1.86 K kg 


mot), 12010] 
@) 0372K (b) 0.0558K 
(c) 0.0744K (d) 00186K. 


On mixing, heptane and octane form an ideal 
solution. At 373 K, the vapour pressures of the 
two liquid components (heptane and octane) are 
105 kPa and 45 kPa respectively. Vapour pressure 
of the solution obtained by mixing 25.0 g of 
heptane and 35 р of octane will be 

(molar mass of heptane = 100 g mol-! and of 


octane= 114 g mol!) 12010] 
(а) 720kPa (b) 36.1kPa 
(c) 962kPa (d) 144.5kPa 


A 5% solution of cane sugar (molar mass 342) is 
isotonic with 1% ofa solution of an unknown 
solute. The molar mass of unknown solute in g/ 


molis: [2011RS] 
(а) 1712 (b) 684 
(c) 342 (d) 1362 


The density ofa solution prepared by dissolving 
120 g of urea (тої, mass = 60 u) in 1000 g of 
water is 1.15 g/mL. The molarity of this solution 


is: 12012] 
(a) 0.50M (b) L78M 
(c) 1.02M (d) 2.05M 


26. 


27. 


28. 


29. 


Chemistry 


K, for water is 1.86 K kg тог! Ifyour automobile 
radiator holds 1.0 kg of water, how many grams 
of ethylene glycol (C,H,O,) must you add to 
get the freezing point of the solution lowered to 


28°С? [2012] 
(a) 72g (b) 93g 
© 39g (4 278 


The molarity of a solution obtained by mixing 
750 mL of 0.5(M) HCl with 250 mL of 2(M) HCI will 


be: 12013] 
(а) 0875М (b) 1.00M 
© 175M (d) 0975M 


Consider separate solutions of 0.500 M 
C,H;OH(aq), 0.100 M Mg, (PO,), (aq), 0.250 M 
KBriag)and 0:125 M Na;PO (ад) at 25 "C. Which 
statement is true about these solutions, 
assuming all salts to be strong electrolytes? 
[2014] 
(а) Theyall have the same osmotic pressure. 
(b) 0.100 M Mg,(PO,),(aq) has the highest 
osmotic pressure. 
(c) 0.125 M Na,PO,(aq) has the highest 
osmotic pressure. 
(d) 0.500 M C,H,OH(aq) has the highest 
osmotic pressure. 
The vapour pressure of acetone at 20 *C is 185 
torr. When 1.2 g ofa non-volatile substance was 
dissolved in 100 g of acetone at 20 °C, its vapour 
pressure was 183 torr. The molar mass (g mol-!) 


of the substance is : [2015] 
(а) 1% (b) 488 
(е) 32 (d) 64 


The freezing point of benzene decreases by 
0.45 °C when 0.2 g of acetic acid is added to 20 g 
of benzene. If acetic acid associates to form а 
dimer in benzene, percentage association of 
acetic acid in benzene will be : 12017] 
(K, for benzene — 5.12 K kg mol") 
(8) 646% (b) 804% 
(с) 746% (d) 94.6% 


Solutions 


31. 


32. 


33. 


34. 
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For 1 molal aqueous solution of the following 
compounds, which one will show the highest 
freezing point? 12018] 
(а) [Co(H,O)]Cl, 

(b) [Co(H,O).CI]CL.H,O 

(c) [Co(H,O),CL]CI.2H,O 

(d) [Co(H,O).CI,].3H.O 

The osmotic pressure ofa dilute solution of an 
ionic compound XY in water is four times that 
ofa solution of0.01 M Васі, in water. Assuming 
complete dissociation of the given ionic 
compounds in water, the concentration of XY 


(in mol L~’) in solution is: 12019] 
(а) 4x10? (b) 6x102 
(с) 4х10+ (d) 16x 104 


A solution of sodium sulfate contains 92 g of 
Na* ions per kilogram of water. The molality of 
Ма? ions in that solution in mol Ке is: 
12019] 
@) 12 (b) 4 
© 8 (d) 16 
Which one of the following statements 
regarding Henry's law is not correct? 
12019] 
(a) Higher the value of K, ata given pressure, 
higher is the solubility of the gas in liquids. 
(b) Different gases have different K, (Henry's 
law constant) values at the same 
temperature. 
( The partial pressure of the gas in vapour 
phase is proportional to the mole fraction 
of the gas in the solution. 


36. 


(d) The value of K, increases with increase of 
temperature and K, is function of the 
nature of the gas. 

Liquid *M' and liquid ‘N’ form an ideal solution. 

The vapour pressures of pure liquids ‘M’ and 

*N'are 450 and 700 mmHg, respectively, at the 

same temperature. Then correct statement is: 

12019] 
(ху = Mole fraction of *M" in solution; 
Xy = Mole fraction of ‘N? in solution; 
Ум = Mole fraction of*M' in vapour phase; 


Уу = Mole fraction of №” in vapour phase) 
Хм „Ум 

хм Ун 

O) Ga - Y) Gs Yn) 


(a) 


Хм. 
© x. 
XM У 
@ moe 
м Ух 


A135 °С, the vapour pressure of CS, і 512 mm 

Hg and that of acetone is 344 mm Hg. A solution 

of CS, in acetone has a total vapour pressure of 

600 mm Hg. The false statement amongst the 

following is: [2020] 

(a) Raoult’s law is not obeyed by this system 

(b) amixture of 100 mL CS, and 100 mL acetone 
hasa volume <200 mL 

(c) CS, and acetone are less attracted to each 
other than to themselves 

(d) heat must be absorbed in order to produce 
the solution at 35 °C 


Answer Key 


c-86 


1. 
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Chemistry 


the solvent-solute 


cC Solutions 25 
w 7. (d) Gaseous densities of ethanol and dimethyl 
O) AT, = Kp ——2—x1000; ether would be same at same temperature 
MpxWa and pressure. The heat of vaporisation, V.P. 
and b.pts will differ due to H-bonding in 
AT; -K; B. 1900: ethanol. 
Mgx WA ёс 
800) B NOTE Positive deviations are shown 
AT, Ky АТ, _ 0.512 by such solutions in which solvent- 
AT; Кү 0486 ^ 1.86 solvent and solute-solute interactions are 
stronger than 
=00512°С. interactions. In such solutions, the 
(d) Insolution containing A and B component interactions among molecules becomes 
showing negative deviation А-А and B-B weaker. Therefore, their escaping tendency 
interactions are weaker than that of A-B increases which results in the increase in 
interactions. For such solutions, their partial vapour pressure. 
AH =-ve and AV = -ve In a solution of methanol there exists 
(d) When A and B form an ideal solution, intermolecular H-bonding. 
АҢ, = 0 
(d AT,-ix Күхт; 
AT, 1.85 * 0.2 1.3 = 0480*C 
(HX === H + X, 1-13) In this solution benzene molecules come 
1-03 оз 03 between methanol molecules which 
AT,7 T? - T, weaken intermolecular forces. This results 
х T,=0-0.480°C=—0.480°C in increase in vapour pressure. 
А : 9. (d) АТ -їхКүхш, Since K, has different 
o ит pa w ИН values for different solvents, hence even 
temperature is also increased. Thus in ifm issame, AT; will be different. 
pressure cooker due to increase in pressure 
the b.p. of water increases. 10. (d) Vapour pressure of benzene = 75 torr 
© ANTT Vapour pressure of toluene — 22 torr 


Where T, — b.pt of solution 
Tg=bptofsolvent or T,- T? +AT, 

BB NOTE Elevation in boiling point is a 
colligative property, which depends upon 
the no. of particles.Thus greater the 
number of particles, greater is it elevation 
and hence greater will be its boiling point. 

Ма,80, == 2Na* +502 
Since Na,SO, has maximum number of 


particles (3), hence has maximum boiling 
point. 


mass of benzene in = 78g 


78 
Moles of benzene = E = по! 


(Mol.wt of benzene = 78) 
Mass of toluene in solution = 46g 

46 
Hence moles of toluene 22 — 0.5 mol 
Now partial pressure of benzene 


Solutions 


n. 


12. 


13. 


14. 


16. 
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(b) Equimolar solutions of normal solutes in 
the same solvent will have the same b. pts 
and same f. pts. 


0) NajS0, ——2Na + SO; 
la 2a a 


l-a+2a+a _ 


vant Hoff's factor, i = 1+2a 


8e a 
(d) Acctonitrile(CHs- C = М) and acetone 


hoth are polar molecules, hence dipole- 
dipole interaction exists between them. 
Between KCl and water, ion-dipole 
interaction is found and in benzene-ethanol 
and benzene-carbon tetrachloride 
dispersion force is present. 


(b Moles of glucose _!8 _ 9 1 
180 


Moles of water — 178.2 _ 
18 


Total moles = 0.1+9.9= 10 


99 


Pri50 = Mole fraction x Рӯ 

- 25 x760 

10 

= 7524 Torr 
2. Given РД = 200mm , X, - 0.6, 
=0.6 =0.4, P - 290 
P=P,+P,= РАХА +РВХВ 
290- РД х0.6+200 х 0.4 


P$ =350mm 
(d) Let the massof methane and oxygen = mg. 
Mole fraction of O, 
Е Moles of Oz 
~ Moles of O, + Moles of CH4 


m/32 m/32 


m/32«m/16  3m/32 


l 
3 


17. 


18. 


19. 


[2] 


@ 


@) 


Partial pressure of O, 
= Total pressure x mole fraction of O, , 


11 
E 
Ро,=Рх 3-73 


Osmotic pressure (л) of isotonic solutions 
are equal. 
For solution ofunknown substance (х= CRT) 


5/M 


a 


12 
For solution of urea, 


1.5/60 


C, (concentration) = 


Given, лү-л, 
URZCRI 
х CRT- CRTorC, - C, 


or 525/М 15/60 
у У 

2 M=210 g/mol 

At 1 atmospheric pressure the boiling point 

of mixture is 80°C. 

At boiling point the vapour pressure of 

mixture, P, = 1 atmosphere=760 mm Hg. 

Using the relation, 


Pr-PAXA + PgXp We get 

РД 21000 mm Hg» Xa *Xg 1) 
ог 760-520Х, «1000—1000X А 
or 480Х, =240 


2 
нэ =} or 50 mol, percent 


ог XA = 480 


E On addition of glucose to water, 


vapour pressure of water will decrease. The 
vapour pressure of a solution of. glucose 
in water can be calculated using the relation 


_ Moles of glucose in solution 


Moles of water in solution 


18/180 


r !75-Р, _ 
1782/18 


17.5 


7 P*-175] 
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n 24. (b) For isotonic solutions 
or 014175 or p —17 325mm Hg. т =л; 
99 3 
20. (b) For this solution intermolecular interactions С=С 
between n-heptane and ethanol аге weaker 5/342 1/М 
than n-heptane - n-heptane & ethanol- 01 01 
ethanol interactions, hence the solution of 8-1 
n-heptane and ethanol is non-ideal and 342 М 
shows positive deviation from Raoult’s law. ЭЭ 
5 о, М----684 1 
1. (0 р = РХ, +РХу = 5 sog 
ol. o. i Molesof solute 
550 =Ру х—+Ру x> 5 arity = 2497889 Some _ 
хха P 25. € Molarity= a ag огу 
P? +3Ру -550x4 Mass of solution = 1000 + 120 = 1120 
In second case, 
Бош =P2xL-+P° x4 120x1.15 
ош = Py xz Py x = (1000 =2.05 
цэн. 601120 © ADM 
P? + APE =560x5 -@ 26. () АТ 1хКрчп 
Subtract (i) from Gi) Given AT,=2.8, К,= 1.86 K kemol- 1-1 
paseis sisisi (ethylene glygol is a non- electrolyte) 
x Wt. of solvent = 1 kg 
Ру = 400 Let of wt of solute = x 
22. (b) Sodium sulphate dissociates as Mol. wt of ethylene glycol = 62 
Na3804(s) ——92Na* +5047 28-15186х-3 
Hence van't Hoff factor, i=3 сан 
Now AT; -1Ксап a = эт 
=3 x 1.86 < 0.01 = 0.0558 K PM 
27. (a) From molarity equation : 
23. (8) Praa 5 P^AXA € P^gXp M,V,+M,V,=M*V 
= PPiteptane XHeptane + Р°осапе X Octane M- МУ +M2V> Shore Vial velüme 
у 
osx , д5, 35/114. _150х0.5+250х2 
5: 35: 25 35 1000 
100 114 100 114 -0875M 
"E бз 28. (a) n=iCRT 
-105x—023 qas. 09 
03503 025+0.3 лс,н;он =1x0.500xR xT =0.5RT 
_ 105x025 45x03 2625+13.5 тарар =т= ЗВТ. 
055 055 0.55 пу: =2*0.250%R xT =0.5RT 
-72КРа 


Tya,p0,7 4X0.125x RT 20.5RT 


Solutions 


29. 


@ 


(a) 
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Since the osmotic pressure of all the given 
solutions is equal. Hence all are isotonic 
solutions, 


Using relation, 
Р°-Р, _ wM; 
> wM 


where w,, M, = mass in g and mol. mass of 
solvent 


уу, М, = mass in g and mol. mass of solute 
° = 185 torr, P= 183 torr 
185-183 _ 12х58 


185 — 100xM5 
(Mol. mass of acetone = 58) 


M7 64.68 564 
Molar mass of substance = 64 

In benzene, 

2CH,COOH «== (СН,СООН), 


1-а ГА 


-0/2 


Here a is degree of association 


i=l-a+a/2= 


AT, =ixK.xm 
(5) 

а 60 
,45=|1-® |(5.12)4-@0^ 
045 ( “| 12)-50 
1000 


96 degree of association = 94.6% 


Number of particles (i) 
[Co(H,0), ICI, 4 
[Co(H,0),CIJCI,-H,0 3 
[Co(H,O),CL]CH2H,O 2 
[Co(H,0),Cl,}3H,O 1 


NT; i ; where AT; = (T; - T) 
Remember, greater the no. of particles, 
lower will be the freezing point. Compound 


32. 0) 
33. 0) 
34. @ 
35. @ 
36. @) 


(d) will have the highest freezing point due 
to least number of particles. 
We know, л =1СЕТ; л, = 4%paci, 


< 2IXY]=4 (0.01) 3 
IXY]- 0.06 


—6* 1072 mol/L 


92 
Number of moles in 92 g of Na* = 5 


=4 moles 
: Number of moles 
Мојашу(т) = ‘fassof solvent (in kg) 
4 
m= 7 =4 mol kg! 


The solubility of the gas in liquids 
decreases with the increase in value of К, 
at a given pressure. 

P2, 450 mmHg, Ре =700 mmHg 

Pu= Phy XM = Ym Pr 


Ум 
p Р, 
э ву) 


Similarly, Ру = (Ру) 
Ху 


Given, Р « Ps, 


= MN 
XM XN 
= Умм 
Ум Хх 


Mixture of carbon disulphide and acetone 
will show positive deviation from Raoult's 
Law. 

The dipolar interaction between solute 
(CS,) solvent (acetone) molecules in 
solution are weaker. So the vapour 
pressure of solution will be greater than 
the individual vapoure pressure of pure 
components. 


m 
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Electrochemistry 


Conductivity (unit Siemen's S) is directly 
proportional to area of the vessel and the 
concentration of the solution in it and is 
inversely proportional to the length of the 
vessel then the unit of the constant of 
proportionality is 12002] 
(а) Smmol' (b) Sm? molt 

(c) S?m’ mol (d) Sm? mol. 

EMF ofa cell in terms of reduction potential of 
its left and right electrodes i: 12002] 
@) EE gE sgn b) E= Eent Eign 
© Е-Е - Еа (© Ec Een) 
What will be the emf for the given cell (20021 
Pt | H, (Р) Н (aq) | H, (P,) | Pt 


RT 8 RES в 
(а) log, + b) = loge > 
) ер NE d UH 
RT Р, 
© F logs (d) None of these 


Which of the following reaction is possible at 

anode? 12002] 

(à 2CP*-7H,0 —>Cr,02-+ 14H" 

(b F, —>2F 

(с) (1/2) 0, +2H* — HO 

(d) None of these 

When the sample of copper with zinc impurity is 

to be purified by electrolysis, the appropriate 

electrodes are [2002] 
Cathode 

(a) purezine 

(b) impure sample 

(с) impurezine 

(d) pure copper 


‘Anode 
pure copper 
pure copper 
impure sample 
impure sample 


10. 


32 


For a cell reaction involving a two-electron 

change, the standard e.m.f. of the cell is found 

to be 0.295 V at 25°C. The equilibrium constant 

of the reaction at 25°C will be 12003] 

(а) 29.5x10? (b) 10 

(с) 1x100 (d) 1x 10-10 

Standard reduction electrode potentials of three 

metals A, B & C are respectively + 0.5 V, —3.0 V & 

—12 V. The reducing powers of these metals are 
12003] 

(à) А>В>С (b С>В>А 

(с) А>С>В (d B>C>A 

When during electrolysis ofa solution of AgNO, 

9650 coulombs of charge pass through the 

electroplating bath, the mass of silver deposited 


on the cathode will Бе [2003] 
() 108g (b) 21.62 
(c) 108g (d) 1.08g 
For the redox reaction : 12003] 


Zn(s) + Cu? (0.1M) Zn? (1M) + Cu(s) 


taking place in a cell, Еш, is 1.10 volt. Ey for 


‘cell 


theca will (лоз. бозо!) [2003] 
F 


(а) 1.80 volt (b) 1.07 volt 

(c) 0.82 volt (d) 2.14 volt 

In a hydrogen-oxygen fuel cell, combustion of 

hydrogen occurs to [2004] 

(a) produce high purity water 

(b) create potential difference between two 
electrodes 

(c) generate heat 

(d) remove adsorbed oxygen from elctrode 
surfaces 


п. 
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Electrochemistry c-91 
Consider the following Е° values 17. The highest electrical conductivity of the 
Е° +0.71V; ES эу. --0МУ following aqueous solutions is of [2005] 
ШП лайк ыо (а) 0.1 M difluoroacetic acid 

inder standard conditions the potential for the (9j UM ааваасаа 
reaction » А 
: BEN nee MOT : (c) 0.1 M chloroacetic acid 
Sn(s) + 2Ее? (aq) = 2Fe^* (aq) - Sn^* (aq) is (d) 0.1 Macetic acid 
[2004] ув. Aluminium oxide may beelectrolysed at 1000°C 
@ ov (b) 140V to furnish aluminium metal (At. Mass = 27 amu; 
(c) L68V (d) 0.63 V. 1 Faraday = 96,500 Coulombs). The cathode 
The standard e.m.f. of a cell involving one reaction is- AP**3e АІ 
electron change is found to be 0.591 V at 25°C. To prepare 5.12 kg of aluminium metal by this 
The equilibrium constant of the reaction is method we require 12005] 
(F=96,500 C mol”; R=8.314 JK- mol) (а) 549x 10! C ofelectricity 
[2004] (b) 5.49% I0* C of electricity 
(а) 1.0 10! (b) 1.0% 105 (с) 1.83 х 107 C of electricity 
(©) 10x10! (d) 1.0 10% (d) 549 х 107C of electricity 
The limiting molar conductivities A? for NaCl, 19, 
KBrand KCl are 126, 152 and 150 S cm? mol"! SERE mor) 
respectively. The A» for NaBr is [2004] a : : 
(а) 2788сш шог! (b) 1768 си шог! P. ote е Sate a 
conductances of the electrolytes listed above 
28 S cm? mol"! 2S omm 
b a d s n @ ase atinfinitediluionin НО at25°C [2005 
that uti tl icti 
na cal that user treatin as y 3907 
Zn(s)*2H (aq) » 2п (aq) X Hog) (c) 5527 (d) 5172 
addition of H,SO, to cathode compartment, will й ї 
5 [2004] 20. The molar conductivities ARaoac and Argi 
(8) increase the E and shift equilibrium to the at infinite dilution in water at 25°C are 91.0 and 
right 426.2 S cm?/mol respectively. To calculate 
(b) lower the E and shift equilibrium to theright Аңоде s the additional value requiredis [2006] 
(c) lowerthe E and shift equlibrium to the left o о 
А b) AN, 
(d) increasethe E and shift equilibrium to the left &) Амюн ® Ама 
B 
The E° изг узу values for Cr, Mn, Fe and Co © Ао @ Ака 
21. Resistance of a conductivity cell filled with a 


16. 


are—0.41,+1.57,+ 0.77 and + 1.97 V respectively. 

For which one of these metals the change in 

oxidation state from +2 to+3 is easiest? [2004] 

(a) Fe (b Mn 

(c) Cr (d) Co 

Fora spontaneous reaction the AG, equilibrium. 

constant (К) and E?,, will be respectively 
[2005] 

(b) —ve, <1, -ve 

(d) —ve, 21, *ve 


(а) —ve,>1,-ve 
(с) +ve,>1,-ve 


solution of an electrolyte of concentration 0.1 
Mis 100 О. The conductivity of this solution is 
1.29 8 m, Resistance of the same cell when 
filled with 0.2 M ofthe same solution is 520 О, 
The molar conductivity of 0.2 M solution of 
electrolyte will be 12006] 
(а) 124x 1045 m? mol! 

(b) 12.4* I07 Sm? mol! 

(c) 124x 10S n? mol! 

(d) 1240х 10^S n? mol! 


с-92 


22. 


23. 


24. 
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Chemistry 
Given the data at 25°C 26. па fuel cell methanol is used as fuel and oxygen 
Aga Adre 2277 gas is used as ап oxidizer, The reaction is 
: 203(g)—> 
Ago Ag ee E’ =-0.800V CH3OH(1) 3/205 (g) CO,(g) +2H,0() 
What is the value of log К, for Agl? (2.303 RT/ At 298 K standard Gibb’s energies of formation 
F=0.059V) * 12006] for СН,ОН(), H,O() and CO, (а) are -166.2 
@ -3783 (b) -1613 237.2 and -394.4 kJ mol respectively. If 
© -812 (0) 48602 standard enthalpy of combustion of methanol 
1 eod: T 
"This eaulvalent: conductanes of бо rong is—726 kJ mol", efficiency of the fuel cell will 
electrolytes at infinite dilution in H,O (where be 3 12009] 
ions move freely through a solution) at 25°C аге (Se OA A 
given below : 12007] © 9% ай” 
5 27. Given: 
A'cuscoows 791.0 8 ст" /equiv. Ehe, 7 —0.03бУ, 
A ycy = 426.2 8 cm? / equiv. E? 2+ jpg 770439 V 
What additional information/ quantity one needs. The value of standard electrode potential for 
to calculate A? ofan aqueous solution of acetic the change, 
acid? Fe? (aq) ст —> Fe? (ag) will be: [2009] 
(а) A^ofchloroacetic acid (CICH,COOH) (а) 0385У (b 070v 
(b) A^ofNaCl (с) -0270У (d) -0.072V 
(с) AofCH,COOK 28. The Gibbs energy for the decomposition of 
RA А ALO, at 500°C isas follows : 
(d) the limiting equivalent coductance of 2:05 Ў 
x А03 > CAL-O5,A,G =+966kJ mol! 
HOP): 3 3 
Tiesi The potential difference needed for electrolytic 
„ө reduction of Al,O, at 500°C is atleast [2010] 
Zn | Zn^* (1 M)|| Cu?* (1 М) | Cu (E% ey) = 1-10 V) (а) 45V (b) 30V 
: © 25V (d) 50V 
E discharged at 29. Resistance of 0.2 M solution ofan electrolyte is 
298K. Tho Н ШЕ сшгацоп of Zn" to Cir 50 О, The specific conductance of the solution 
"n is 1.3 Sm”, Ifresistance of the 0.4 M solution of 
Г Р 1 is 2007] the same electrolyte is 260 Q, its molar 
[Си] conductivity is : [201185] 
2 6.25 х 104S ш mol! 
9.65 10 b) antilog (24.08 e 
e o d ) (b) 625x 104 S m* шог! 
(с) 373 (d) 1072, () G5Sm^moH 
Given E? 3 ү, —- 02V. (4) 62505 тг mol! 
30. The standard reduction potentials for Zn?*/Zn, 


—0.42 V. 


The potential for the cell 


Cr|Cr** (0.1M)]| Fe?* (0.01 M)|Feis — [2008] 
(a) 026V (b) 0336V 
(c) —0339 (d) 026V 


Ni?'/Ni and Fe? /Fe are -0.76.-0.23 and -0.44 V 

respectively. 

The reaction xy2*.— 4x2*4y will be 
12012] 

(b) X-Ni,Y -Zn 

@ i 


spontaneous when : 
(à) X-Ni Y -Fe 
(с) X-Fe Y-Zn 


31. 


32. 


33. 
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Electrochemistry c-93 
Given: (а) 2g (Ы) 127g 
БӨ, =-O74V;E° 4 =151V (c) 0g (d) 63.5g 
Ce icr Mn03 / Mn? 36. Given [2017] 
E a 34,7133 V;E?  =136V 
ы ал oe E?  =1.36V,E°;,  =-0.74V, 
Based on the data given above, strongest Чуе ча 
oxidising agent will Бе: 12013] 
() Cl (b CP* E ot EVEN ast 151% 
(c) Mn? (d) MnO; * 
Resistance of 0.2 M solution оГап electrolyte is Among the following, the strongest reducing 
50 9. The specific conductance of the solution agent is 
is L4 S m^. The resistance of 0.5 M solution of @ с O Mn 
the same electrolyte is 280 О. The molar @ 6* O a 
conductivity of 0.5 M solution of the electrolyte 
in Sm2mot is: 12014] 37. How long (approximate) should water be 
(a) 5x104 (b) 5 «103 electrolysed by passing through 100 amperes 
(с) 5x10 (d) 5x10 current so that the oxygen released can 
The equivalent conductance of NaCl at completely burn 27.66 g of diborane? 
concentration C and at infinite dilution are A. (Atomic weight of B= 10.8 и) 12018] 
and À, respectively. The correct relationship (8) 64 hours (b) 0.8hours 
between 2. and }, is given as: (c) 3.2 hours (d) 1.6hours 
(Where the constant В is positive) [2014] 38, The anodic half-cell of lead-acid battery is 
(а) ke =hn+(B)C recharged using electricity of 0.05 Faraday. The 
O) Xp-X,-(B)C amount of PbSO, electrolyzed in g during the 
© Ae =hn-(B)VE process is : (Molar mass of PbSO, = 303 g тог!) 
2019] 
(hee hey +(BVE (а) 28 (b) 152 PM 
Given beloware thehalf-cell reactions: ( 76 (d 4 
Mn?* «2€. — Mn; E? = -1.18V 39. The standard Gibbs energy for the given cell 
PTE Sm”); E-ausv reaction in kJ mol"! at 298 K is: 12019] 
Zn(s) + Cu?* (aq) —9 702 (aq) + Cu(s), 
The E? for 3Mn?* —>Mn + 2Mn** will be: ENADE 
А Бол (Faraday's constant, F = 96000 С шог”) 
(а) -2.69 V; the reaction will not occur 
(b) -2.69 V; the reaction will occur шанг (E) a 
(c) -0.33 V; the reaction will not occur © 102 @ -192 
40. Given that the standard potentials (E") of 


35. 


(d) 0.33 V; the reaction will occur 
Two Faraday of electricity is passed through a 
solution of CuSO,. The mass of copper 
deposited at the cathode is 


(at. mass of Cu = 63.5 amu) 12015] 


Cu?* /Cu and Cu*/Cuare 0.34 V and 0.522 V 
respectively, ће E’ of Cu2* /Cu*is: [2020] 
(а) +0.182V (b) +0.158V 


(с) —0.182V (d) —0.158 V 


c-94 
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Answer Key 


Chemistry 


() 


@ 


cC Solutions 25 
" ЯН ana do 5. (d) Pure metal always deposits at cathode. 
шеше лү г 6. (е) The equilibrium constant is related to the 
standard emf of cell by the expression 
Km^mol 
= 2 п 2212 
mxm? log K = E"n x —— = 0.295x 
K- Sn? mol! 0.059 0.059 
E „ı = Reduction potential of cathode (right) 
= : Apes 590 E] 
reduction potential of anode (left) logK ao. 10 or K=1* 10) 
NC 7 @ A | в c 
Oxidation half'c г @ 
Hyg) -» 2H'(1M) + 2e WOY 9% БЫ 
P, Ё MOTE The higher the negative value of 
Reduction half cell reduction potential, the more is the 
2H* (IM) + 2e° — —3ÀH,(g) = 
b reducing power. 
р һ НепсеВ>С>А. 
Thenet cell reaction 8. (а) When 96500 coulomb of electricity is 
Hg) > Hyg) passed through the electroplating bath the 
Р Т й amount of Ag deposited = 108g 
E*4,7000V;n-2 . when 9650 coulomb of electricity is 
assed deposited Ag. 
E= Eun RT gk 7 iil * 
? nF 108 
= +9650 = 108g 
RE 96500 
-0- S log, 
nF CB е 0.059 Жеш 
| RT P, . call 7 m pun 
ог Ea = эр Юбєр, pu] 


20:57 +7H,0 > С05 «14H* 
O.S. of Cr changes from +3 to +6 by loss of 
electrons. At anode oxidation takes place. 


=110+0059 


log[0.1] 


=1.10- 0.0295 = 1.07 V 


Electrochemistry 


10. 9) 
НИ) 
12. @) 


13. 
14. (a) 
15. © 
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c-95 


In H, — O, fuel cell, the combustion of H, 
occurs to create potential difference 
between the two electrodes 


Fe ee Fe”; 
Sn^* +2e° > Sn(s); 
for Sn(s) + 2Fe™ (ад) > 
2Fe? (aq) + Sn?*(aq) 


2. Standard potential for the given reaction 


or Eng = E, з, +E, 


'Sn/Sn? 
=0.14+0.77=0.91 V 


Econ = Eg 


0.059 
шин 
п 


or 0=0.591 


К, 


e 


0.0591 
жаш 


20) 
ИТ) 


№ ка ... (iii) 


operating (i) + (ii) — (ii) 
A Nabe SA + Fu 

=126+152-150=128 S cm? mol | 
Zn(s)+2H* (aq) === 702 (aq) + Ha (g) 
0.059, [Zn^' ][H5] 
=g E Wy 

* [H^] 

Addition of H,SO, will increase [H*Jand 


Еши Will also increase and thus the 
equilibrium shifts towards RHS. 


E, 


cell = Есе — 


The given values show that Cr has 
maximum oxidation potental, therefore its 
oxidation will be easiest. (Change the sign 
їо get the oxidation values) 


16. @ 


17. (а) 
18. @ 
19. 0 
20. 0» 


Ё MOTE For spontaneous reaction AG 
should be negative. Equilibrium constant 
should be more than one. 

(AG —2.303 RT log K, If K,— 1 then 
AG=0; IK,» 1 then AG ——ve). 

Again AG —-nFE? |. 
EZ, must be +ve to have AG уе. 


Difluoro acetic acid being strongest acid 
will furnish maximum number of ions 
showing highest electrical conductivity. 
The decreasing acidic strength of the 
carboxylic acids given is 
difluoro acetic acid > fluoro acetic acid 

> chloro acetic acid > acetic acid. 
1 mole of e = IF = 96500 C 
27g of Al is deposited by 3 96500 C 
5120 g of Al will be deposited by 


2 
= 3x 965005120 5.49х107С 
27 
шнш SOLUTION 
Weknow, Q- Ё 
eknow Q- ^7 
2 
5120x96500%3 _ lC 
27 
Айс = 4262 E 


Аўсоха = 91.0 

Аме 7126.5 

АХсон = (i) + Gi) - Cii) 
=[4262+91.0-126.5]= 390.7 


(ii) 
(iii) 


Аснусоон is given by the following 


equation 


Аснусоон = (Аснусооха + Анс1)—(Аҗас1) 


Hence Ахас is required. 


c-96 


1 
21. ®=1000,к=—|— |, 
® E 83) 


22. 


23. 


WWW.JEEBOOKS.IN 


® 


b) 


I 


Len constant) = 1.29 * 100 тг! 


Given, К = 5200, 

С-02М-02 x 1000 mol m? 

Am (molar conductivity) =? 

Am = K X V (К can be calculated as cell 
constant is known.) 


Hence, 
129m snl 
= nog 02485 
K 0248 Sm! 
An = G2 


C 02x1000 mol m? 
= 12.4 x10 *Sm? mol! 


() Ag—>Ag*+e E?--0.800 V 


(i) Ag-I —>Agl+e E’ 20.152 V 
From (i) and (ii), we have 


Agl—— Ag! +17 Е? = 0.952 V 


0.059 ч 

ett = log К 
n 
0.0. 


59 
0.952- log [Ag] 1] 


1 


[7 K,- [Ag TIETI 


According to Kohlrausch's law, 
equivalent conductivity of weak 
electrolyte, acetic acid (CIL L,COOLI) can be 
calculated as follows: 


A'cuscoon = 


24. (d) 


25. (d) 


Chemistry 


A"cuscooNa ! Anci) A naci 


2. Value of A^,c; should also be known 
for calculating value of Ac} ,cooH - 


Еши = 0; when cell is completely 
discharged. 


From the given representation of the cell, 
Бы can be found as follows. 


Eee =E? 9, ZE? ay -25 plo] 
ке cU 6 [Fe T 
[Nernst -Equ.] 
.059 
з-0л2-(-0ла)-1)88.,, 01! 1 
6 (0.01) 
--0424072- 99, 0.1x0.1 
0.01x0.01x0.01 
зол 00896107 o, 0.059 4 
6 1076 6 


=0.30—0.0393 = 0.26 V 


Electrochemistry 
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26. (©) CH,OH()+ 3o(p2co,c «2100 


27. 0) 


28. 


© 


AG, =АС;(СОз „в) +2AG; (H30,1) — 


AG, (CH3OH,1) -ŽAG One) 


--3944-2(-2372)-(-1662)-0 
=~ 304.4—474.4+ 166.2=—702.6К1 


702.6 
% efficiency = x100 = 97% 
б efficiency = 77 2 
Given 
Fe 1307 > Fe 
° = m 
EP 34 pg 7 0036У @ 


Ее? +2e Ее, 


Е° = -0.439У 00) 


ке?* /Fe 


we have to calculate 


Fe?! +e” — Рег", AG? 
To obtain this equation subtract equ. (11) 
from (i) weget 

Fé ке o ЕС?! E 
As we know that AG°=—nFE° 

Thus for reaction (iii) 

AG, AG, -AG, 

= ПРЕЗ = - ПЕЕ? - (-nFE5) 

—nFE; =nFE3—nFE? 

—1ЕЕў=2х 0439F -3 x 0.036 F 
-IFE?-0.770F 

л E$--0770V 


2 4 
1AL0,— =Al+ 
Í ALO, > ТАО, 


The ionic reactions are 


2 р 4 
2 445-9 3 
ЗАР) 4e — S AI 


29. 


30. 


31. 


@) 


@ 


@ 


2 
37 BO") 90, He 


Thus, no. of electron transferred = n =4 
AG--nFE 


3 
or в—А©__966%10__ am 

-nF 4%96500 
2. The potential difference needed for the 


reduction = 2.5 У. 


_ kx1000 
~ molarity 
[molarity is in moles/litre but 1000 is used 
to convert litre into cm?] 
CT. 
260 


x65 тг" 1000 em? 


0.4 mol 
65m! 1 
=o 
260x0.4 mol 1000 
=6.25 x 104S m? mol! 
For a spontaneous reaction AG? must be 


3 


-ve 
Since АС? =—пЕЕ° 

Hence for AG? to be —ve, AE? has to be 
positive. Which is possible when X= Zn, 
Y=Ni 

Zn Ni* —— Zn**+Ni 


Etat = E em 


=—0.23—(—0.76)=+ 0.53 (positive) 


м? /Ni Т 


Higher the value of standard reduction 
potential, stronger is the oxidising agent, 
hence MnO, is the strongest oxidising 
agent. 
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(à) Given for 0.2 M solution 
R=50Q 


э L= Rxk=50x1.4x10? оті 
а 


For 0.5 M solution. 
R-2800 


> к=1-х50х14х107 
280 


=l x70x10? 
280 


=2.5 x 10° Sem? 
xx1000 
As 
Now, Am == M1 


2.510725 em ! «1000 em3/L 
M 0.5 mol/L 
-5S8cm^ mol-1-5 х 10^ Sm^ mol! 


According to Debye Huckle onsager 
equation, 


Aem, -BVC 
(a) Mn” + 2e > Mn; E? =-1.187; (i) 
(5) ма?” ee — Mn?*; E? = -L51I/;. i) 


Now multiplying equation (ii) by two and 
subtracting from equation (i) 


3Mn^* — Mn* +2Mn**; 


Chemistry 


n + Frea, 
--1184(-151)--269У 


(ve value of EMF (i.e. AG = +уе) shows 
that the reaction is non-spontaneous) 


Cu™ «2e —À5Cu 
2F i.c. 2 х 96500 C deposit Cu= 1 mol 
= 635g 


Evo; ма? 1.51У 


Foyer =136V 


E Sjer =1.33V 


(C303 


Fost ic 


--074 
Е 


Since Сг?* is having least reduction 
potential, so Cr is the best reducing agent. 


ВН, +302 —>B,03 43H30 
27.66 g of BH, (1 mole) requires 3 moles 
of oxygen (O,) for complete burning. 
Now the oxygen is produced by the 
electrolysis of H,O. 
On electrolysis : 21,0 1 5 2H, +0, 
1 mole О, is produced by 4F charge 

3 mole O, will be produced by 12F 
charge. 
© Q=It 
12 х 96500 C=I1xt 
12 х 96500 C= 100xt 


12 х 96500 
ї=——————есопй 
100 


..12x96500 
100 х 3600 
=3,2 hours 


hour 
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Electrochemistry с-99 
38. (c) Half cell reaction: PbSO, — Pb** -2e- 39. (а) Аб°= -nFE2, 
According to the reaction: 28 OOO) 2. V == IRO Vinal 
= 384 kJ/mol 
PbSO, > РЬ «2e 40. (0) Cu*«2e—29Cu, AGS =—2Е(0.34)...(1) 


Си*+е-——э Cu, AG? =~ F(0.522) ..ii) 
Subtract (ii) from (i) 

Си? +е-—эСи”, AG3=-FE® 

2. Amount of PbSO, electrolysed by 0.05 2 AG? —AG3=AG3 

= -FE?-2F(0.34) +F(0.522) 

=> E° =0.68—0.522= 0.158 V 


Werequire 2F for the electrolysis of 1 mol or 
303 g of PbSO, 


303 
F= > *0.05=7.575g=7.6g 
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(18) 


Units of rate constant of first and zero order 

reactions in terms of molarity M unit are 

respectively 12002] 

(а) sec, Msec'! (b) sec", М 

(c) Msec!, sec! (d) M, sec. 

For the reaction А + 2B — C, rate is given by 

R= [A] [BP, then the order of the reaction is 
12002] 

аз б (05 (7 

The differential rate law for the reaction 


H,+1,—> 2Hlis 12002] 
dH]  du,] «нр 
e d а d 
d[Ho] 4151 тану 
Oa а 24 
1dHj] 1411 анц 
© 2 а dou dt 
нә] 4] ну 
DE — WE RHET 


If half-life ofa substance is 5 yrs, then the total 
amount of substance left айег 15 years, when 


initial amount is 64 grams is 12002] 
(8) lógrams (b) 2grams 
(c) 32grams (d) Sgrams. 
The integrated rate equation is 12002] 


Rt= log C,-logC, 
The straight line graph is obtained by plotting 


(а) timevslogC, — (b) =% С, 


(с) timevs C, (d) 


Р. 


The half-life of a radioactive isotope is three 
hours. Ifthe initial mass ofthe isotope were 256 
g, the mass of it remaining undecayed after 18 


hours would be 12003] 
(а) 80g (b) 120g 
(c) 160g (d) 40g 


In respect of the equation k — Ae a/R" in 


chemical kinetics, which one of the following 
statements is correct ? 12003] 
(a) А is adsorption factor 

(b) E, is energy of activation 

(c) Ris Rydberg’s constant 

(d) kis equilibrium constant 

For the reaction system [2003] 
2NO(g)+ O;(g) > 2NO;(g) 

volume is suddenly reduced to half its value by 
increasing the pressure on it. Ifthe reaction is of 
first order with respect to O, and second order 
with respect to NO, the rate of reaction will 

(a) diminish to one-eighth ofits initial value 
(b) increase to eight times of its initial value 
(c) increase to four times of its initial value 
(d) diminish to one-fourth ofits initial value 
In a first order reaction, the concentration of 
the reactant decreases from 0.8 M to 0.4 M in 
15 minutes. The time taken for the concentration 
tochange from 0.1 Mto0.025 Mis [2004] 
(а) 7.5minutes (b) 15 minutes 

(с) 30 minutes (d) 60 minutes 


Chemical Kinetics 


10. 


п. 


12. 
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The rate equation for the reaction 2A + B C is 

found to be: rate = k[A][B]. The correct statement 

in relation to this reaction is that the — [2004] 

(a) rate of formation of C is twice the rate of 
disappearance of A 

(b) tj is a constant 

(c) unit of k must be 7! 

(d) value of k is independent of the initial 
concentrations of A and В 


Thehalflife of a radioisotope is four hours. Ifthe 
initial mass of the isotope was 200 g, the mass 


remaining after 24 hoursundecayedis [2004] 
(а) 325g (b) 2084р 
(с) 10428 (d) 4.167g 
А reaction involving two different reactants 
can never be [2005] 


(a) bimolecular reaction 
(b) second order reaction 

(c) firstorder reaction 

(d) unimolecular reaction 

A schematic plot of In K eq versus inverse of 


temperature for a reaction is shown below [2005] 


6.0 


15x10? (KH 20x10? 


The reaction must be 

(a) highlyspontaneous at ordinary temperature 
(b) one with negligible enthalpy change 

(c) endothermic 

(d) exothermic 


t1 can be taken as the time taken for the 
4 3 
concentration of a reactant to drop to * of its 
initial value. Ifthe rate constant for a first order 
reaction is K, the t, can be written as [2005] 
n 
(a) 075/K 
(c) 029K 


(b) 069К 
(d) 010K 


15. 


16. 


17. 


18. 


Consider ап endothermic reaction X — Y with 
the activation energies Ep and Ey for the 
backward and forward reactions, respectively. 


In general 12005] 

(a) there is no definite relation between 
E, and Ер 

(0) Б,-Ер 

(© Ey >E¢ 

(d) Ey «Ey 


A reaction was found to be second order with 

respect to the concentration of carbon monoxide. 

If the concentration of carbon monoxide is 

doubled, with everything else kept the same, 

therate of reaction will [2006] 

(a) increase by a factor of 4 

(b) double 

(с) remain unchanged 

(d) triple 

Rate ofa reaction can be expressed by Arrhenius 

equation as : [2006] 

k-Ae ERE 

In this equation, E, represents 

(a) the total energy of the reacting molecules 
ata temperature, T 

(b) the fraction of molecules with energy greater 
than the activation energy of the reaction 

(c) the energy above which all the colliding 
molecules will react 

(d) the energy below which all the colliding 
molecules will react 

The following mechanism has been proposed 

for the reaction of NO with Вг, to form NOBr : 
NO(g) + Br,(g) == МОВг, (8) 

NOBr,(g) + NO(g) —> 2NOBr(g) 
Ifthe second step is the rate determining step, 
the order of the reaction with respect to NO(g) 


is [2006] 
(а) 3 (b) 2 
© d (d) 0 


The energies ofactivation for forward and reverse 
reactions for A, + В, = 2AB are 180 kJ mol! 
and 200 kJ mol respectively. The presence of a 
catalyst lowers the activation energy of both 
(forward and reverse) reactions by 100 kJ mol”, 


c-102 


20. 


21. 


22. 


24. 
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The enthalpy change of the reaction 
(A, + B, > 2AB) in the presence of a catalyst 


willbe (in kJ mol) 12007] 
(a) 20 (b) 300 
(c) 120 (d) 280 


Consider the reaction, 2A + B — products. 
When concentration of B alone was doubled, 
the half-life did not change. When the 
concentration of A alone was doubled, the rate 
increased by two times. The unit of rate constant 


for this reaction is [2007] 
(а) st (b) Lmol! s! 
(c) nounit (d) mol L? s~. 


A radioactive element gets spilled over the floor 
of a room. Its half-life period is 30 days. If the 
initial velocity is ten times the permissible value, 
after how many days will it be safe to enter the 


room? [2007] 
(a) 100 days (b) 1000 days 
(c) 300 days (d) 10 days. 


1 
Forareaction А — 2B, rate of disappearance 


of*N is related to the rate of appearance of ‘B° 


by the expression [2008] 

ш -AM 1dB] qj ШАР 1481 
dt 2 dt dt 4 dt 

o ЧАЈ 4B] (у dlA] 148) 
dt dt dt dt 


The half life period of a first order chemical 
reaction is 6.93 minutes. The time required for 
the completion of 99% of the chemical reaction 
will be (log 2 — 0.301) [2009] 
(а) 2303minutes (b) 46.06 minutes 

(c) 460.6 minutes (d) 230.03 minutes 
The time for halflife period ofa certain reaction 
А---» Products is 1 hour. When the initial 
concentration of the reactant ‘A’ is 2.0 mol L, 
how much time does it take for its concentration 
to come from 0.50 to 0.25 mol 1! if itis a zero 


order reaction ? 12010] 
@ 4h (b) 05h 
© 025h (d) lh 


Consider the reaction : 

Cl» (aq) + H2S(aq) > 
S(s)+2H* (aq) + 2CI (aq) 

The rate equation for this reaction is 

rate = k[Cl;][ H58] 


26. 


27. 


28. 


29. 


Chemistry 


Which of these mechanisms is/are consistent 
with this rate equation? 12010] 


A. Ch +H S$ > H* «CI CI* - HS (slow) 
СТ «HS- 2 Ht «CE +5 (fast) 
В HS = Н + Н (fast equilibrium) 


Cl, +HS” > 2C - H* +S (Slow) 
(à) Bonly (b) Both Aand B 
(c) NeitherAnorB (d) A only 
A reactant (А) froms two products : [201185] 

А—М >в, Activation energy Ea, 

A —E C, Activation energy Ea, 
If Ea,= 2 Ea, then k, and k, are related аз: 
@ Ea IRTO (у ky = еб 
Ok =ke" RT (а) k 
For a first order reaction (A) — products the 
concentration of A changes from 0.1 M to 0.025 
Min 40 minutes. 
The rate of reaction when the concentration of 
Ais0.01 Mis : [2012] 
(а) 1.73* 105 М/тіп (b) 3.47 x 10+ М/тіп 
(с) 3.47* 10:5 M/min (d) 1.73 x 10^ M/min 
The rate of a reaction doubles when its 
temperature changes from 300 K to 310 K. 


Activation energy of the a reaction will be : 
(R- 8314 JK" mol! and log 20.301) [2013] 
(а) S36kJmol! — (b) 48.6 kJ mol! 
(c) S&Sklmol! (d) 60.5k]mol" 
For the non-stoichionmetric reaction 24 + B — C+ D, 


the following kinetic data were obtained in three 
separate experiments, all at 298 К. 


iae 


jog! RT 


Initial h rate of 
Concentration 


(B) 


Initial 
Concentration 
(A) 


formation of C 
(mol 17' 87) 


01м 
01м 


01м 
02м 


12x 10° 


02M 01M 


The rate law for the formation of C is: 


© gps] 


“зк 
лїї 


12014] 
Ө а 
ас 


25-4 
а 


(e) (d) 


Chemical Kinetics 


30. 


32. 


33. 
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Higher order (>3) reactions are rare due to: 


due to elastic collisions 


c-103 

@ 2 (b) 3 

ae A 12015] (c) | (d) 0 
(а) shifting of equilibrium towards reactants зд The following results were obtained during 
kinetic studies of the reaction; 12019] 


(b) loss of active species on collision 

(c) low probability of simultaneous collision 
ofall the reacting species 

(d) increase in entropy and activation energy 
as more molecules are involved 

Decomposition of H,O, follows a first order 

reaction. In fifty minutes the concentration of 

H,O, decreases from 0.5 to 0.125 M in one such 

decomposition. When the concentration of 

H,O, reaches 0.05 М, the rate of formation of 

O, will be: [2016] 

(а) 2.661. min-! at STP 

(b) 1.34 х 10? mol min! 

(c) 6.96 x 10? mol min”! 

(d) 6.93 x 10^ mol min 


Two reactions R, and R, have identical pre- 
exponential factors. Activation energy of R, 
exceeds that of R, by 10 kJ mol, ИК and k, are 
rate constants for reactions R) and 
respectively at 300 K, then In(k,/k,) is equal to : 


(R-8314J тог K”) 12017] 
(а) 8 (b 12 
(c) 6 (d) 4 


At 518°C, the rate of decomposition ofa sample 
of gaseous acetaldehyde, initially at a pressure 
of 363 Torr, was 1.00 Torr 87! when 5% had 
reacted and 0.5 Torr s! when 33% had reacted. 
The order of the reaction is : 


12018] 


2A + В — Products 


Experiment! [A] (in mol L| [вй mol L) 


Initial Rate of rcaction(in 
mol L min!) 


1 [3] 02 693107 
П ол 025 693107 
Ш 02 03 1386 » 10 


36. 


The time (in minutes) required to consume half 
ofA is: 
(a) 5 


(b 10 (су 1 (d) 100 


. The given plots represents the variation of the 


concentration of a reactant R with time for two 
different reactions (i) and (ii). The respective 


orders of the reactions а [2019] 
0) Gi) 
In [R] [R] 
time time 
@ 1,0 (b) 11 
(c) 0,1 (d) 0,2 


During the nuclear explosion, one of the 
products is %Sr with half life of 6.93 years. If 
Т ug of "Sr was absorbed in the bones of a newly 
born baby in place of Ca, how much time, in 
years, is required to reduce it by 90% if it is not 


lost metabolically 12020] 
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Lo 
2. @ 
з (4 
4 @ 
5 @) 
6 @ 


Chemistry 


cC Solutions 25 
For a zero order reaction. Initial mass (С) - 256 g 
rate -K[AT i.e. rate =k Cy 256 256 
е ii sec"! a 
hence unit of : "T^c 64 g 
Fora first order reaction. 
7. (5) Inequation k= Ae 


rate - k[A] 
n k= Mise /M = sec 


Ё MOTE Order is the sum of the power of 
the concentration terms in rate law 


expression. 
Hence the order of reaction is = 1+2=3 


Rate of appearance of HI — 


-Ч[н›] 
dt 


Rate of disappearance of H, 


1,55 years, T — 15 years. 
Hence total number of half life periods 


215 
5 


2 Amount left "us [4 


Rt= log C,- log C, 
Itis clear from the equation that if we plot a 
graph between log C, and time, a straight 


k 
Dg and 
intercept equal to log [C,] will be obtained. 
typ=3h, T=18h 


Утеп 


line with a slope equal to 


10. 


12. 


13. 


b) 


© 


@ 


@ 


-Ea /RT. 
А = Frequency factor 

= velocity constant, R = gas constant 
and Е, = energy of activation 

r = k [O,][NO}. When the volume is 
reduced to 1/2, the conc. will double 

2. Newrate=k[20,][2 МОР - 8k [O;]]INOP 
The new rate increases to cight times of its 
initial. 

As the concentration of reactant 
decreases from 0.8 to 0.4 in 15 minutes 
hence the tj, is 15 minutes. To fall the 
concentration from 0.1 to 0.025 we need 
two half lives i.e., 30 minutes. 


The velocity constant depends on 
temperature only. It is independent of 
concentration of reactants. 


n 
М, = [35 where n is number of half 


life periods. 
Total time 24 _ 
halflife 4 


1 6 
2м, =200(3) =3.125¢ 


The molecularity ofa reaction is the number 
of reactant molecules taking part in a single 
step of the reaction. 


Ё нле The reaction involving two 


different reactants 
unimolecular, 

The graph shows that reaction is 
exothermic, 


can never be 


logk АН +1 
RT 


For exothermic reaction AH < 0 


Chemical Kinetics 


14. 


16. 


17. 


18. 


19. 


[3] 


@) 


© 


b) 


@) 
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= log k Vs i would be negative straight — 20. 


line with positive slope. 


1, 22308, 12303, 4 
14 K £3 


lo, 
83/4 


305 (ор 41063) 


= 22908002083) 


2.303 0.2 
= 223 2x0301- ояту-22 


ину of reaction (AH) = E,- E, 


For an endothermic reaction, AH = +ve 21. 


hence for AH to be negative 
EE, 

Since the reaction is 2nd order w.r.t CO. 
Thus, rate law is given as. 

r=k [COP 
Let initial concentration of CO is a 
ie.[CO]-a 

у= k (ap = ka? 


When concentration becomes doubled, 22, 


ie.[CO]- 

r7 k Qay = Aka? ry-4n 
So, the rate of reaction becomes 4 times. 
In Arrhenius equation, k = A c», E. is 
the energy of activation, which is required 
by the colliding molecules to react resulting 
in the formation of products. 
(i) NO(g)+ Br,(g) == NOBr,(g) 
(ii) МОВгэ (g) + NO(g) —>2.NOBr(g) 
Rate law equation = k[ NOBr,] [NO] 
But NOBr, is intermediate and must not 
appear in the rate law equation. 


[NOBr] 


From Ist step, K, = — — —— 23. 


[NO] [Bry] 
[NOBr,] = К, [NO] [Br] 
2. Rate law equation = К. K, [NO [Br,] 
Hence order ofreaction w.r.t. NO is 2. 
АН, = Ep - Ej, = 180—200 =—20 kJ/mol 
The nearest correct answer given in 
choices may be obtained by neglecting sign. 


) 


@) 


b) 


0.603 

шаал 
K 

for a first order reaction /jj does not 


Fora first order reaction, 7,5 = 


depend up on the concentration. From the 
given data, we can say that order of 
reaction with respect to B = 1 because 
change in concentration of B does not 
change halflife. 

Order of reaction with respect to 4 = 1 
because rate of reaction doubles when 
concentration of B is doubled keeping 
concentration of A constant. 

2. Order of reaction= 1 + 1 -2and units of 
second order reaction are L mol! sec™!, 
Suppose activity of safe working — A 
Given A}= 10A 


0.693 _ 0.693 
tjj — 30 
Ay _ 2308 , 10А 
Bo. 22903 10А. 
А 0.693/30 A 
2.303х 30 


= = xlogl0 = . 
Quos 710810 = 100 days 


The rate of reaction for the reaction 


ta—o2B 


can be written either as 
d 


2 
dt 


[A] with respect to ‘A’ 


B › 
ог I ] with respect to ‘Bi 


From the above, we have 
24 
dt 


[A]= lig 


2dt 


or E 1-141 ] 
For first order reaction, 


2.303 100 


k lo 


t ST00-99 
2.303 


0.693 100 
нэн 08-- 
6.93 1 1 
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24. ©) 
25. @ 
26. (с) 


For the reaction 

A — Product 

Given пуу = | hour 

For a zero order reaction 


: [4o]. initial conc. 
сайа k Rate constant 
140] 
Aut 
| 2 : 
ork - =1 mollit! hr? 
2t; 2х1 


Further for a zero order reaction 

_ dx change in concentration 
di time 

_ 0.50-0.25 

time 

x time=0.25 hr. 


Since the slow step is the rate determining 
step, hence if we consider mechanism A. 
We find 


Rate= К[С1,][Н›5] 

Now, if we consider mechanism В. We find 
Rate= ACh] нв | li) 
From step 1 (fast equilibrium) of mechanism 


1 


find 
Rate= k[ci, ES] - [Ch Нэ8| 


H* [н'] 


Hence, only mechanism A is consistent 
with the given rate equation. 


h = Age PA! RT NI 
ky = Age EIRT 8440) 
On dividing eqn. (i) by eqn. (ii) 


A 
E, 
mm 


о 4 29 


Given Еа, = 2Ea, 


-Eq )/RT sli) 


27. 


28. 


29. 


30. 


31. 


b) 


(а) 


@ 


[3] 


@ 


Chemistry 
On substituting this value in eqn. (iii) 
Ko Ko Axe IT 
For a first order reaction 
2303 01 
== log—— 
40 ©0025 
03x 0.6020 
40 
ATx10 7 
(A) 2347 * 102 0.01 
347 x 104 


Activation energy can be calculated from 
the equation. 


logko _ -Ea (2-1) 
2.303817, Т 


logh 


=2; T,=310K; T,-300K 


Б р d 

logg2-—— 7a | —____ 
2.303x8.3141310 300 

Е,= 535986 mol —53.6kJ/mol. 

К аС] 

Let rate ofreaction = == = KAY [BP 
Now from the given data 
12x 102 =k [0.17 [0.1 
12x 1072 - [0102р 
24x 10-3=K (0.20.1) 
Dividing equation (i) by (ii) 


2x103 x y 
х 12x10 _ моло. 


12x10? 40411027 
We find, у-0 
Now dividing equation (i) by iii) 
— 12х10 цолглр 

24x10?  k[0.2][0.1]" 
We find, х-1 
Hence, AC] _ y itg 

dt 


Reactions of higher order (23) are very rare 
due to very less chances of many 
molecules to undergo effective collisions. 


1 
H,O, (aq) > H,O (ag) 50, (в) 
For a first order reaction 
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Chemical Kinetics 


2.30 a 
= = tog + 

t (a-x) 

(ах) 0.125, t= 50 min 
03, 0.5 


k 


Given a= 


= ур, 
50 70.125 
=2.78 x 10? min! 
1=k{H,O,] -2.78 x 102x 0.05 
386 x 10? mol min! 
Now 
d[H,0,] [н.о] 240] 
dt d Ф 
24|0:| — a[H;0;] 
dt dt 
4|0:| 1. 4н,051 
dt 2 dt 
_ 1386x10 


93 x 104 mol min! 


2 
From Arrhenius equation, 


32. @ 
Ea 
k=AeRT 
so, Кр-Асс цэгээ (i) 
ky = Ace Ea /RT 
On dividing equation (ii) by (i) 
(Eq, En) 
=> Exo. RT 
kı 
MER N 10,000 
[1 RT — 8314х300 
33. (à) CH,CHO—oCH, «CO 
Generally 479 


m order of reaction 
a—x=unreacted 

7,7 l torr s, when 5% reacted 
1,7 0,5 torr s^, when 33 % reacted 


(a—x,) = 0.95(unreacted) 
(a — x5) = 0.67(unreacted) 


а е P+ (оз) 
n |(a-x)] 705 40.67 


2=(141у®—2=(./2)" 


=>m=2 
34. (а) From experiment 1 and II, it is observed 
that order of reaction w.r.t. (c) is zero. 
From experiment II and Ш, œ can be 
calculated as: 
1386x10 
693x10 
zast 
Now, Вае=К[А]! 
or, 693x 10°=K(0:1) 
K-693x 10? 
For the reaction, 2A + В — Products 
[Alo 
2Kr- юта 
0.693 0.693 
22K 0693x107x2 
1255 
35. (a) In graph (i), In [Reactant vs time is linear 


with positive intercept and negative slope. 
s 1# order In graph (ii), [Reactant] 


Hence 


vs time is linear with positive intercept and. 
negative slope. Hence, it is zero order. 


36. (23.03) 1,,—6.93 years, 
a-10%g 
_ 0.698 
бал [4 
к- 9493 0603 _ 
6.93 


For І“ order reaction, 


0.1 


105 
01 107 


2.303 5 
Fyn 2803 years 
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(19) 


The formation of gas at the surface of tungsten 

due to adsorption is the reaction of order [2002] 

(a) 0 (b) 1 

€) 2 (d) insufficient data. 

Which one of the following characteristics is 

not correct for physical adsorption? — [2003] 

(8) Adsorption increases with increase in 
temperature 

(b) Adsorption is spontaneous 


(c) Both enthalpy and entropy of adsorption 
are negative 

(d) Adsorption on solids is reversible 

Identify the correct statement regarding enzymes 

12004] 

(a) Enzymes are specific biological catalysts 
that cannot be poisoned 

(b) Enzymes are normally heterogeneous 

sts that are very specific in their 


(c) Enzymes are specific biological catalysts 
that can normally function at very high 
temperatures (T~1000K) 

(d) Enzymes are specific biological catalysts 
that possess well-defined active sites 


The volume of a colloidal particle, V, as 
compared to the volume of a solute particle in a 
true solution У,, could be 


[2005] 


32 


The disperse phase in colloidal iron (Ш) 

hydroxide and colloidal gold is positively and 

negatively charged, respectively. Which of the 

following statements is NOT correct? [2005] 

(8) Coagulation їл both sols can be brought 
about by electrophoresis 

(b) Mixing the sols has no effect 

(c) Sodium sulphate solution causes 
coagulation in both sols 

(d) Magnesium chloride solution coagulates 
the gold sol more readily than the iron (Ш) 
hydroxide sol 

In Langmuir's model of adsorption ofa gas оп а 

solid surface [2006] 

(а) the mass of gas striking a given area of 
surface is proportional to the pressure of 
the gas 

(b) the mass of gas striking a given area of 
surface is independent of the pressure of 
the gas 

(с) the rate of dissociation of adsorbed 
molecules from the surface does not 
depend on the surface covered 

(d) theadsorption at a single site on the surface 
may involve multiple molecules at the same 
time 

Gold numbers of protective colloids A, B, Cand D 

are 0.50, 0.01, 0.10 amd 0.005, respectively. the 

correct order of their protective powers is [2008] 

(à) D<A<C<B (b C<B<D<A 

(с) A<C<B<D (d) B<D<A<C 


Surfa! 


8. 
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Which ofthe following statements is incorrect 
regarding physisorptions? 12009] 
(а) More easily liquefiable gases are adsorbed 
readily. 

Under high pressure, it results into multi- 
molecular layer on adsorbent surface. 
Enthalpy of adsorption ( AH 
and positive. 


adsorption) 18 low 


(d) 
According to Freundlich adsorption isotherm 
which ofthe following is correct? [2012] 


It occurs because of van der Waal's forces. 


(a) 


ЕЭ" 


22 т 


x p 
i. 
m Р 


1/п 


АП the above are correct for different 
ranges of pressure 

The coagulating power of electrolytes having 
ions Ма”, АР” and Ba” for arsenic sulphide sol 
increases in the order : [2013] 
(а) AP'«Ba? «Na* (b) Na* « Ba? - AI* 

(c) Ba" «Na*cAP* (d) AP* « Na* « Ba* 

For a linear plot of log (х/т) versus log p in a 
Freundlich adsorption isotherm, which of the 
following statements is correct? (k and n are 
constants). 12016] 


(a) 


Only I/n appears as the slope. 
(b) log(I/n) appears as the intercept. 
(c) Both kand 1/7 appear in the slope term. 


(d) 1/n appears as the intercept. 


12. 


13. 


The Tyndall effect is observed only when 


following conditions are satisfied: 


[Ш 


@) 


@) 


(iv) 


(a) 
(c) 


12017] 
The diameter of the dispersed particles is 
much smaller than the wavelength of the 
light used. 

The diameter of the dispersed particle is 
not much smaller than the wavelength of 
the light used. 

The refractive indices of the dispersed 
phase and dispersion medium are almost 
similar in magnitude. 

The refractive indices of the dispersed 
phase and dispersion medium differ greatly 
in magnitude, 
(апа бу) 
Gand (ii) 


(b) (апа (iv) 
(d) (ii)and (iii) 


Adsorption of a gas follows Freundlich 
adsorption isotherm. In the given plot, x is the 
mass of the gas adsorbed on mass m of the 
adsorbent at pressure p. is proportional to: 


x 
log 


(a) 
(c) 


12019] 


4 unit 


logp 


©) р" 
(4) p 


p 
p 


The aerosol is a kind of colloid in which: 


(a) 
(b) 
(c) 
(d) 


12019] 
solid is dispersed in gas 
gas is dispersed in solid 
gas is dispersed in liquid 
liquid is dispersed in water 


(а) 


(с) 


(d) 


(с) (b) 


(с) 
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cc 


Solutions 


25 


Itis zero order reaction 


ЦВ ноте Adsorption of gas on metal 


surface is of zero order] 
As adsorption is an exothermic process. 

л Rise in temperature will decrease 
adsorption (according to Le-Chatelier 
principle). 

Enzymes are very specific biological 
catalysts possessing well - defined active 
sites 

Particle size of colloidal particle Imp to 
100 mp. Let it be 10 mp. 


4 3 
Vo= 5 


=4 3 
№ = 5100) 


Particle size of true solution particle = Imp. 
м 2507: 
3 
Ve 10% 
s 
When oppositely charged sols are mixed, 
their charges are neutralised. Both sols may 
be partially or completely precipitated. 
According to Langmuir's model of 
adsorption ofa gas on a soild surface, the 
mass of gas adsorbed (x) per gram of the 
adsorbent (т) is directly proportional to 
the pressure of the gas (p) at constant 
temperature, i.e. 
x 


Žep 
m 


10. 


© 


© 


(a) 


For a protective colloid, lesser the value of 
gold number better is the protective power. 
Thus the correct order of protective power 
of A, B, Cand Dis 

(А) < (С) < (В) < (D) 
Gold number 0.50 0.10 0.01 0.005 
Adsorption is an exothermic process, 
hence AH will always be negative. 
The Freundlich adsorption isotherm is 


mathematically represented as 


x "ATL 

ж 

At high pressure, 1/п = 0 
Hence, x / m c p? 

At low pressure, 1/п = 1 

Hence, х/т «= p! 

According to Hardy Schulze rule, greater 
the charge on cation, greater is its 
coagulating power for negatively charged 
sol (As,S,), hence the correct order of 
coagulating power : Ма” < Ba? «АР" 
According to Freundlich adsorption 
isotherm 


x 1 
log 2 = logk + =I 
= m ы п TER 


Thus ifa graph is plotted between log(x/m) 
and log p, a straight line will be obtained 


Intercept = log k 


logp — —À 


Surface Chemistry 
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The slope of the line is equal to 1/n and the 
intercept on log х/т axis will correspond to 
log k. 

12. 0) 

13. (c) In Freundlich adsorption isotherm the 

extent of adsorption (x/m) of a gas on the 

surface ofa solid is related to the pressure 

of the gas (p) which can be formulated as: 


Х (py 
m Mey 


1 
=logk+ —logp 


са! 


In the given plot, the slope between log 


1 
versus log p= = 5 


эю 


14. (a) In aerosol, the dispersion medium is gas 
while the dispersed phase can be both solid 
or liquid. 
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General Principles and 
Processes of Isolation: of 


Elements 


(20) 


Aluminium is extracted by the electrolysis of 
[2002] 

(а) bauxite 

(b) alumina 

(c) alumina mixed with molten cryolite 

(d) molten cryolite. 

The metal extracted by leaching with a cyanide 


is [2002] 
(a) Mg (b) Ag 
(c) Cu (d) Na. 


Which one of the following ores is best 

concentrated by froth-floation method? [2004] 

(a) Galena (b) Cassiterite 

(c) Magnetite (d) Malachite 

During the process of electrolytic refining of 

copper, some metals present as impurity settle 

as ‘anode mud’. These аге 12005] 

(а) FeandNi (b) AgandAu 

(c) PbandZn (d) SnandAg 

Which of the following factors is of no 

significance for roasting sulphide ores to oxides 

and not subjecting the sulphide ores to carbon 

reduction directly? 12008] 

(a) Metal sulphides are thermodynamically 
more stable than CS, 

(b) СО, is thermodynamically more stable than 
CS, 

(c) Metal sulphides are less stable than the 
corresponding oxides 

(d) СО, is more volatile than CS, 

Which method of purification is represented by 

the following equation ? 12012] 


Ti(s) + 215 (g) —3 > 


Tily(g) 799 Tics) + 21, (g) 


п. 


p 


(а) Zonerefining | (b) Cupellation 
(с) Polling (d) vanArkel 

The metal that cannot be obtained by 
electrolysis of an aqueous solution of its salts 


is: 12014] 
(a) Ag (b) Ca 
(c) Cu (d) Cr 


In the context of the Hall - Heroult process for 

the extraction of Al, which of the following 

statements is false ? 12015] 

(а) AB* is reduced at the cathode to form Al 

(b) NajAIF, serves as the electrolyte 

(c) CO and CO, are produced in this process 

(d) А0, is mixed with CaF, which lowers the 
melting point of the mixture and brings 
conductivity 

Which one of the following ores is best 

concentrated by froth floatation method? 


12016] 
(a) Galena (b) Malachite 
(c) Magnetite (d) Siderite 
The ore that contains both iron and copper is: 
[2019] 
(a) copper pyrites (b) malachite 
(c) dolomite (d) azurite 


The ore that contains the metal in the form of 
fluoride is 12019] 
(a) cryolite (b) malachite 

(с) magnetite (d) sphalerite 

The purest form of commercial iron is: [2020] 
(a) pigiron 

(b) wroughtiron 

(c) castiron 

(d) scrap iron and pig iron 


General Principles and Processi eds ens 


Answer Key 


Гага Е Ea ГО 01 0 1-1 -1-1 


cC Solutions 2j) 


1. (© Pure aluminium can be obtained by (c) is incorrect and sois of nosignificance. 
electrolysis ofa mixture containing alumina ©) 


Hence the correct answer is 


crayolite and fluorspar in the ratio 20 6. (d) vanArkel: In this process an impure metal 
20. The fusion temperature of this mixture is converted into metal iodide which is 
is 900 °C and it is a good conductor of easily decomposed to pure metal and free 
electricity. L. 
2. (b) Silver ore forms a soluble complex with The process is known as van Arkel 
NaCN from which silver is precipitated method. 
using scrap zinc. 7. (b On electrolysis of aqueous solution of 
Ав›58+2МаСМ > Na[Ag(CN)5]—2— s-block elements, Н, gas is discharged at 
cathode. 


sodioargentocynanide 
(soluble) 


At cathode: Н,0+е7 —>1H, КОН” 
Na [Zn(CN)4]+Ag + = 2205 


з. © Bi MOTE Galena isPbS and thus purified 8. — (b) In the metallurgy of aluminium, purified 
ALO, is mixed with Na, AIF, or CaF, which 

lowers the melting point of the mix and 
brings conductivity. 

9. (а) Froth floatation method is mainly 
applicable for sulphide ores. 
(1) Malachite ore : Cu(OH),. CuCO, 
(2) Magnetite ore : Ес,О, 
(3) Siderite ore : FeCO, 


by froth floatation method. 
Froth floatation method is used to 
concentrate sulphide ores. This method is 
based on the preferential wetting properties 
with the frothing agent and water. 

4. 0) During the process of electrolytic refining 
Ag and Au are obtained as anode mud. 


5. (c) BB NOTE Thereduction of metal sulphides (4) Galena оге : PbS (Sulphide ore) 
by carbon reduction process is not 10. (a) Amongst the given ores, copper pyrite 
spontaneous because AG for such a (CuFeS,), dolomite (MgCO,.CaCO,), 
process is positive. The reduction of metal malachite [CuCO;.Cu(OH);], azurite 
oxide by carbon reduction process is DCuCO, Cu(OH),], copper pyrite contains 
spontaneous as AG for such a process is both copper and iron. 
negative. 11. (а) Magnetite Fe,O, 
From this we find that on thermodynamic Sphalerite ZnS 
considerations CO, is more stable than CS, Cryolite Na, AIF, 


and the metal sulphides are more stable 
than corresponding oxides. 
In view of above the factor listed in choice 


Malachite CuCO,.Cu(OH), 


12. (b) Wroughtiron is purest form of commercial 
iron. 
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^| The p-Block Elements 
(Group 15, 16, 17 & 18) 


In XcF,, Хе, XeF, the number of lone pairs on 


Xe are respectively [2002] 
(а) 2,3,1 (b 1,2,3 
© 41,2 (d) 3.2.1. 


In 


e of nitrogen, NCI, is possible but not 

NCI, while in case of phosphorus, PCI, as well 

as PCI, are possible. It is due to 12002] 

(a) availabilityof vacant dorbitals in P but not іп № 

(b) lowerelectronegativity of P than N 

(c) lower tendency of H-bond formation in P. 
than N 

(d) occurrence of P in solid while N in gaseous 
state at room temperature. 

Number of sigma bondsinP,O,,is — [2002] 

(a) 6 0) 7 (c) 17. (d) 16 

Oxidation number of Cl in CaOCI, (bleaching 

power) is: [2002] 

(а) zero,since it contains СІ, 

(b) —1, since it contains CI 

(с) +1, since itcontains CIO 

(d) + Land— 1 since it contains ClO-and CI- 

What may be expected to happen when 

phosphine gas is mixed with chlorine gas ? 

12003] 

(a) PCl, and HCI are formed and the mixture 
warms up 

(b) PCI, and HCl are formed and the mixture 
cools down 

(c) РН, . Cl, is formed with warming up 

(d) Themixture only cools down 


ЭР 
Concentrated hydrochloric acid when kept їп 
open air, sometimes produces a cloud of white 
fumes. The explanation for it is that 12003] 
(a) oxygen in air reacts with the emitted HCI 
gas to form a cloud of chlorine gas 
(b). strong affinity of HCI gas for moisture in air 
results in forming of droplets of liquid. 
solution which appears like a cloudy smoke. 
(c) dueto strong affinity for water, concentrated 
hydrochloric acid pulls moisture of air 
towards itself. This moisture forms droplets 
of water and hence the cloud. 

(d) concentrated hydrochloric acid emits 
strongly smelling НСІ газ а! the time. 
Which one of the following substances has the 
highest proton affinity ? [2003] 

(à) HS (b) NH, (0) PH, (d) H,O 

Which among the following factors is the most 

important in making fluorine, the strongest 

oxidizing halogen ? [2004] 

(a) Hydration enthalpy 

(b) Ionization enthalpy 

(c) Electron affinity 

(d) Bond dissociation energy 

Excess of KI reacts with CuSO, solution and 

then Ма,5,0, solution is added to it. Which of 

tements is incorrect for this reaction ? 
12004] 


(a) Ма,5,0, is oxidised 
(b) Сш, is formed 
(с) Сш, is formed 
(d) Evolved I, is reduced 


The p-Block Elements (Group YEN EREOOKS-IN 


10. 


13. 


16. 


Which one of the following statement regarding 

helium is incorrect ? [2004] 

(a) Itis used to produce and sustain powerful 
superconducting magnets 

(b) Itisused asa cryogenic agent for carrying 
out experiments at low temperatures 

(c) It is used to fill gas balloons instead of 
hydrogen because it is lighter and non- 
inflammable 


(d 
The number of hydrogen atom(s) attached to 
phosphorus atom in hypophosphorous acid is 

12005] 


It is used in gas-cooled nuclear reactors 


(a) three 
(c) two 


(b) one 

(d) vero 

The correct order of the thermal stability of 

hydrogen halides (Н-Х) is 12005] 

(а) HI» HCI HF > НВг 

(b) НСЇСНЕ- HBr « НІ 

(c) НЕ>НСІ> НВг> HI 

(d) HI<HBr>HCI< HF 

Which of the following statements is true? 
12006] 

(а) HCIO, isa weaker acid than HCIO, 

(b) HNO,isa stronger acid than HNO, 

(c) H,PO, is a stronger acid than H,SO, 

(d) In aqueous medium HF is a stronger acid 

than HCI 

The increasing order of the first ionization 

enthalpies of the elements B, Р, S and F (lowest 

first) is 12006] 

(a) B<P<S<F (b) B<S<P<F 

(с) F<S<P<B (d P<S<B<F 

What products are expected from the 

disproportionation reaction of hypochlorous 

acid? [2006] 

(а) HClandCl,O (b) HCland HCIO, 

(©) HClO,andCLO (d) HCIO,and HCIO, 

Identify the incorrect statement among the fol- 

lowing. [2007] 
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18. 


20. 


21. 


22. 


(а) Br, reacts with hot and strong NaOH 
solution to give NaBr and H,O. 


(b) Ozone reacts with SO, to give SO. 
(c) Silicon reacts with NaOH, in the pres- 
ence of air to give Na,SiO, and H,O. 
(d) Cl, reacts with excess of NH, to give М, 
and HCI. 
Regular use of the following fertilizers increases 
the acidity of soil? 12007] 
(а) Ammonium sulphate 
(b) Potassium nitrate 
(c) Urea 
(d) Superphosphate of lime. 
Which one of the following reactions of xenon 
compounds is not feasible? 120091 
(а) 3XeFy+6H,0 —> 
2Xe+XeO; +12HF +1.50 
(b) 2XcF, -2H;0—— 2 Xe+4HF +0, 


(c) XeF,+RbF—>Rb[XeF;] 
(d) Xe03 +6HF —> XeF; +3Н;О 
Which of the following has maximum number of 


lone pairs associated with Xe? [20185] 

(а) XF, (b) XeF, 

(c) XeF, (d) XeO, 

The molecule having smallest bond angle is : 
[2012] 

(a) NCL, (b) AsCI, 

(c) SbCl, (d) PCI, 


Among the following oxoacids, the correct 
decreasing order ofacid strength іѕ: [2014] 


(а) HOCI > HCIO, > HCIO; > HCIO, 
(b) HCIO, > HOCI > HCIO, > HCIO; 
(с) HCIO; > HCIO; > HCIO, > НОСІ 


(d) HCIO; > HCIO, > HCIO; > HOCI 
Which among the following is the most reactive? 
[2015] 


@ Ll © I © CL (d) Br 


с-116 
23. 


24. 
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Assertion: Nitrogen and oxygen are the main 
components in the atmosphere but these do not 
react to form oxides of nitrogen. 
Reason: The reaction between nitrogen and 
oxygen requires high temperature. 
[2015] 
(a) The assertion is incorrect, but the reason 
is correct 
(b) Both the assertion and reason are incorrect 
(c) Both assertion and reason are correct, and 
the reason is the correct explanation for 
the assertion 
(4) 


Both assertion and reason are correct, but 

the reason is not the correct explanation 

for the assertion 

Which one has the highest boiling point ? 

12015] 

(a) Kr ( Xe (е) He (d) Ne 

The pair in which phosphorus atoms have a 

formal oxidation state of+ 3 is: 12016] 

(a) Orthophosphorous and hypophosphoric 
acids 

(b) Pyrophosphorous and pyrophosphoric 
acids 

(c) Orthophosphorous and pyrophosphorous 

acids 


26. 


27. 


28. 


29. 


Chemistry 


(d) Pyrophosphorous and hypophosphoric 
acids 

The products obtained when chlorine gas reacts 
with cold and dilute aqueous NaOH аге: [2017] 
(a) ClO-andCIO; (b) ClO;andClO; 
(c) CFandCIO- (d) Chand ClO; 
The compound that does not produce nitrogen 
gas by the thermal decomposition 15 : 

12018] 
(а) BaN}, (b) (NH)),Cr,0, 
© NHNO, (d) (NH),SO, 
The correct order of the oxidation states of 
nitrogen in NO, М,О, NO, and М,О, is: 

12019] 
(à) NO,<NO<N,0,<N,O 
(b) NO,<N,0,<NO<N,O 
() NO«N,0,-NO-«NO, 
(d) м,О«МО-М,0, МО, 
Chlorine reacts with hot and concentrated 
NaOH and produces compounds (X) and (Y). 
Compound (X) gives white precipitate with 
silver nitrate solution. The average bond 
order between Cl and O atoms in (Y) is 
12020] 


Answer Key 
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1. 


2. 
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Solutions 


cc 


(d In the formation of ХеЕ,, spd 
hybridisation occurs which gives the 
molecule a trigonal bipyramidal structure. 


3 @ 


5s Sp 54 
Ground state configuration — Ё 


Excited state configuration 


In the formation of XeF,, sp’? 4 @ 
hybridization occurs which gives the 


molecule an octahedral structure, 


In the formation of XeF,. spd 


НЭЭН 5 a 5 0 
hybridization occurs which gives the 
molecule a pentagonal bipyramidal 
structure. 
F 6 a) 
27 0 
Excited state configuration БЧ 
F 
F 8. @ 
F 
(а) ;N-122:2p* P= 152 2s? 2p6 3s? 3p3 
9.0) 


ни їл phosphorus the 3d-orbitals 


are available. Hence phosphorus can form 
pentahalides but nitrogen can not form 
pentahalide due to absence of d orbitals. 


CaOCl, can also be written as 


Ca(OCI)CI 


КЕЯ 
Hence oxidation no of Cl in ОСГ is 


-2+x,=-1 


хү=2-1=+1 


Oxidation no. of another Cl is —1 as it is 
present as Cr. 
On mixing phosphine with chlorine gas, 
PCI, and HCl are formed. The mixture cools 
down. 
PH, 4Cl, ——9 PCI, +3НС1 
4HCL+ 0, 201, 1+ 2H,0 

air cloud of white fumes 
Among the given compounds, the NH3 is 
most basic. Hence it has highest proton 
affinity. 
Fluorine has low dissociation energy of 


Е-Е bond, and reaction of atomic fluorine 
is exothermic in nature. 


-1 0 
4К192С:80, 12 Cujl; 2K5804 


° 26 425 4 
12 2Na58;0; — №540, +2Nal 


In this Cul, is not formed. 
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п. 


12. 
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Chemistry 


© 


© 


© 


H-F 
135kcal mot! 103kcal mot! 87kcal тог! 


Helium is heavier than hydrogen although 
itis non-inflammable 


H 

| 
Hypophosphorous acid is H-0- P >O 

| 

H 


Two H-atoms are attached to P atom. 
The H-X bond strength decreases from HF 
to Hl. i.e. НЕ>НС1> НВг > HI. Thus HF is 
most stable while HI is least stable. The 
decreasing stability of the hydrogen halide 
isalso reflected in the values of dissociation 
energy of the H-X bond 


H-E H-Br H-I 


71kcal mot! 


45 +3 
13. (b) The HNO; is stronger than HNO, . The 


14. 


b 


b 


more the oxidation state of N, the more is 
theacid character. 
The correct order of ionisation enthalpies 
is 

F>P>S>B 


Ё MTE On moving along a period 
ionization enthalapy increases from left to 
right and decreases from top to bottom ina 
group. But this trend breaks up in case of 
such element having fully or half filled 
stable orbitals, 

In this case, P has a stable half filled 
electronic configuration, hence its 
ionisation enthalapy is greater in 
comparision to S. Therefore the correct 
order is B< S<P<F. 

During disproportionation same compound 
undergoes simultaneous oxidation and 
reduction. 


Oxidation 
-4 1 95 
3HOCI——2HCI* HCIO, 


Reduction. 


16. 


19. 


Chlorine reacts with excess of ammonia to 
produce ammonium chloride and nitrogen. 
(NH,),S0,+2H,0 —>2H,SO,+NH,OH 
H,SO, is strong acid and increases the 
acidity of soil. 


The products of the concerned reaction 
react each other forming back the reactants. 


Хе, +3H20 —> XeO, +6НЕ. 


XeF, 


The p-Block Elements (Group у, EREOOKS-IN 


20. 


21. 


22. 


23. 


24. 


25. 


(e) 


b) 


(c) 


(b) 


© 


All the members form volatile halides of 
the type АХ. All halides are pyramidal in 
shape. The bond angle decreases on 
moving down the group (from NCI, to 
SbCI,) due to decrease in bond pair-bond 
pair repulsion or increase in lone pair-bond 
pair repulsion. 
Acidic strength inercases as the oxidation 
number of central atom increases. 
Hence acidic strength order is 

(+7) (+5) en 
НОО,» HCIO, > НОО, НОО 
Order of reactivity of halogens 


3) 


Cl > Br, > Ty 


But the interhalogen compounds are 
generally more reactive than halogens 
(except F,), since the bond between two 
dissimilar electronegative elements is 
weaker than the bond between two similar 
atoms ie, X- X 

Nitrogen and oxgen in air do not react to 
form oxides of nitrogen in atmosphere be- 
cause the reaction between nitrogen and 
oxygen requires high temperature. 

Xe. As we move down the group, the 
melting and builing points show a regular 
increase due to corresponding increase in 
the magnitude of their van der waal forces 
ofattraction as the size ofthe atom increases. 
Phosphorous acids contain P in 43 
oxidation state. 


26. 


27. 


28. (d) (Oxide) 


29. 


Pyrophosphorous acid 


Pyrophosphoric acid 
Orth 
Hypophosphoric acid 


() 
@ 
@) 
(6) 


(c) 
(d) 


phosphorous acid 


Cl, NaOH — 
[cold and dilute] 


NaCl + NaClO+H,O 


Ba(N3); —— Ba +33 
(NH4); C605 —— 

C103 1 № 14H50 
NH4NO; —5 N; +2H,0 
(NH4),80, ——2NH; -Н:80, 
NH, is evolved in reaction (d). 
(Oxidation state) 
NO ч 
NO 2 
№0, 
NO, 
So, NO « NO -N,O, - NO, 


(1.67) 
ЗСІ, + 6NaOH —> 5NaCI + NaClO,+3H,0 


Hot &conc. [3 w 
NaCl + AgNO, —> AgCI + NaNO, 


к) (white ppt) 


Average bond order between Cl and O atom 


5 
in NaCIO,- 5-167 


Lai 
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f^ 


The d-and f-Block :: 


Elements 


Most common oxidation states of Ce (cerium) 


are 12002] 
(а) 4243 (b) 32,44 
(с) 43,44 (d) 43,45. 


Arrange Ce, Газ, Pm? and ҮБ? in increasing 
order of their ionic radii. 12002] 
(а) Yb'«Pm*«Ce* <La" 
(b) Се Yb Ра «La? 
(c) МЗ < Рз" < Та? < Сез" 
(d) Рт?" < а? < Сез сүр» 
Which of the following ions has the maximum 


magnetic moment? [2002] 
(a) Mm (b Fe" (c) Ti (d) c 
The most stable ion is 120021 


(a) [FeOH),} (b) [FCD 
(c) [Fe(CN)]* (d) [Fe(H,0),}*. 


When KMnO; acts as an oxidising agent and 
ultimately forms [MnO,] ^, MnO), Мп,О,, Ма”? 
then the number of electrons transferred in cach 


case respectively is 12002] 
(а) 4,3,1,5 (b) 1,5,3,7 
() 1,3,4,5 (d) 3,5,7,1. 


The radius of La** (Atomic number of La = 57) is 
1.06À. Which one ofthe following given values 
will be closest to the radius of Lu** (Atomic 


number of Lu =71)? 12003] 
(a) 140A (b) L06À 
(c) 085À (d) L60À 


Ammonia forms the complex ion [Cu(NH,),* 

with copper ions in alkaline solutions but not in 

acidic solutions. What is thc rcason for it ? 
12003] 


8. 


10. 


52 


(a) Inacidic solutions protons, coordinate with 
ammonia molecules forming NH} ionsand 
thus NH, molecules are not available 

(b) Inalkaline solutions insoluble Cu(OH), is 
precipitated which is soluble in excess of 
anyalkali 

(c) Copper hydroxide is an amphoteric 
substance 

(d) In acidic solutions hydration protects 
copper ions 

А red solid is insoluble in water. However it 

becomes soluble if some KI is added to water. 

Heating the red solid in a test tube results in 

liberation of some violet coloured fumes and 

droplets of a metal appear on the cooler parts of 


the test tube. The red solid is 12003] 
(a) Ны, (b) но 
(с) PbO, (d) (NH)),Cr,0, 


A reduction in atomic size with increase in atomic 

number is a characteristic of elements of 
12003] 

(a) d-block (b) block 

(c) radioactive series (d) high atomic masses 

What would happen when a solution of 

potassium chromate is treated with an excess of 

dilute nitric acid? 12003] 

(а) СО? and H,Oare formed 

(b) CrO} is reduced to +3 state of Cr 


(c) CrOẸ is oxidized to +7 state of Cr 


(d) Сг апа Cr,02> are formed 


The d-and f-Block Elements 
п. 


14. 
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Which one of the following nitrates will leave 
behind a metal on strong heating? [2003] 
(a) Coppernitrate | (b) Manganese nitrate 
(c) Silvernitrate (d) Ferricnitrate 
Ofthe following outer electronic configurations 
ofatoms, the highest oxidation state is achieved 
by which one of them ? 12004] 
(а) (п Dd ns? (b) (n— Dd ns! 
(с) (n- Dd ns? (d) (r= 1) ns? 
The soldiers of Napolean army while at Alps 
during freezing winter suffered a serious problem 
ав regards to the tin buttons of their uniforms. 
Gray metallic tin buttons got converted to white 
powder. This transformation is related to 
12004] 
(а) a change in the partial pressure of oxygen 
in the air 
(b) achange in the crystalline structure of tin 
(c) an interaction with nitrogen of the air at 
very low temperature 
(d) aninteraction with water vapour contained. 
in the humidair 
Among the properties : (a) reducing, 
(b) oxidising and (c) complexing, the set of 
properties shown by CN- ion towards metal 


species is 12004] 
(8) са (b) bc 
(c) а,Ь (d) a,b,c 


Cerium (Z = 58) is an important member ofthe 
lanthanoids. Which of the following statements 
ahont cerium is incorrect? [2004] 


(8) The +4 oxidation state of cerium is not 
known in solutions 

(b) The +3 oxidation state of cerium is more 
stable than the +4 oxidation state 


(c) The common oxidation states of cerium are 
+3and+4 


(4) Cerium (IV) acts as an oxidizing agent 

The correct order of magnetic moments (spin 

only values in B.M.) among the following is 
[2004] 

(а) РӘСМ) > [MnCI,-» [Сос 

(b) [MnCI,P— [Fe(CN) 7 [Сос 

(c) [MnCI J> > [CoCI,P- > [F(CN)]- 

(d) [Fe(CN),]* > [CoCI, > [MnCl] 

(Atomic nos. : Mn = 25, Ее = 26, Co =27) 


17. 


18. 


20. 


21. 


22. 


Heating mixture of Cu,O and Cu,S will give 
12005] 

(а) Cu,so, (b) CuO+ CuS 

() Cu*SO, (d) Cu*SO, 

The oxidation state of chromium in the final 


product formed by the reaction between Kl and 
acidified potassium dichromate solution is: 


12005] 
(а) +3 (b +2 
(с) +6 (d) +4 
Calomel (Hg Cl) on reaction with ammonium 
hydroxide gives [2005] 
(a) HgO 
(b) Hg,0 


(© NH,-Hg-Hg-Cl 
(4) HgNH,Cl 

The lanthanide contraction is responsible for 
the fact that [2005] 
(а) Zrand Zn have the same oxidation state 
(b) Zrand Hf have about the same radius 

(с) Zrand Nb have similar oxidation state 

(4) Zrand Y have about the same radius 


The value of the ‘spin only’ magnetic moment 
for one of the following configurations is 2.84 
BM. The correct one is [2005] 


(а) d5(in strong ligand field) 

(b) d? (in weak as well as in strong fields) 

(с) d* (in weak ligand fields) 

(d) а* (іп strong ligand fields) 

Which of the following factors may be regarded 


as the main cause of lanthanide contraction? 
12005] 
(8) Greater shielding of 5d electrons by 4f 
electrons 
(b) Poorer shielding of 5d electrons by 4/ 
electrons 
(с) Effective shielding of one of the 4/ 
electrons by another in the subshell 


(d) Poor shielding of one of the 4/electrons by 
another in the subshell 
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12008] 


12008] 


[2009] 


values with 


12010] 
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23. A metal, M forms chlorides in its +2 and +4 28. Larger number of oxidation states are exhibited 
oxidation states. Which of the following by the actinoids than those by the lanthanoids, 
statements about these chlorides is correct? themain reason being 
[2006] (a) 4forbitals more diffused than the 5/orbitals 
(а) MCI, is more ionic than MCI, (b) lesser energy difference between Sand 6d 
(b) MCI, is more easily hydrolysed than MCI , NS шаналан екы Ээ. 
(с) MCI, is more volatile than MCI, © күк " снес fando 
(8) МО) more solublein anhydrous ethanol (d) more reactive nature of the actionids than 
than MCI, the lanthanoids 
24. Lanthanoid contraction is caused due to 29. Amount of oxalic acid present in a solution can 
12006] be determined by its titration with KMnO, 
(a) the same effective nuclear charge from Ce solution in the presence of H,SO, The titration 
to Lu gives unsatisfactory result when carried out in 
(b) the imperfect shielding on outer electrons the presence of HCI, because HCI 
by 4felectrons from the nuclear charge (a) gets oxidised by oxalic acid to chlorine 
(c) the appreciable shielding on outer (b) furnishes Н ions in addition to those from 
electrons by 4f electrons from the nuclear e. a А 
сһагре (c) reduces permanganate to Mn?* 
(d) theappreciable shielding on outer electrons (4) oxidises oxalic acid to carbon dioxide and 
by Sd electrons from the nuclear charge peice Ё А 
иена : ман 30. Knowing that the chemistry of lanthanoids(Ln) 
25. The "spin-anly" magnetic moment [in units gf is dominated by its +3 oxidation state, which of 
Bohr magneton, (11,)] of Ni" in aqueous solution. the following statements is incorrect? 
Would be (At MUN =28) ТШ (a) The ionic size of Ln (III) decreases in 
@ 6 (b 173 general with increasing atomic number 
(c) 284 (d) 490 (b) Ln (II) compounds are generally colourless. 
26. Identify the incorrect statement among the (с) Ln (III) hydroxides are mainly basic in 
following: 12007] character. 
(а) 4fand 5forbitals are equally shielded. (d) Because of the large size of the Ln (Ш) 
(b) d-Block elements show irregular and erratic ions the bonding in its compounds is 
chemical properties among themselves. predominantly ionic in character. 
(c) La and Lu have partially filled d-orbitals 31- The correct order of E° a, y 1 
and no other partially filled orbitals. negative sign йг the four асое elements 
(9) The chemistry of various lanthanoids is e MES CES TESCO O) Cre Fe» Mn. Co 
ul." m (c) Fe>Mn>Cr>Co (d) Cr» Mn» Fe» Co 
27. Theactinoidsexhibitmorenumberofoxidation з), Tron exhibits-+2 and +3 oxidation states. Which 


states in general than the lanthanoids. This is 

because 12007] 

(а) the 57 orbitals extend further from the 
nucleus than the 4forbitals 

(b) the 5forbitals are more buried than the 4/ 
orbitals 


(c) there is a similarity between 4/ and 5f 


orbitals in their angular part of the wave 
function 

(d) the actinoids arc more reactive than the 
lanthanoids. 


of the following statements about iron is 

incorrect ? [2012] 

(а) Ferrous oxide is more basic in nature than 
the ferric oxide. 

(b) Ferrous compounds are relatively more ionic 
than the corresponding ferric compounds. 

(с) Ferrous compounds are less volatile than 
the corresponding ferric compounds. 

(d) Ferrous compounds are more easily 
hydrolysed than the corresponding ferric 
compounds. 


The d-and f-Block Elements 


33. 


36. 


37. 
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Which of the following arrangements does not 

represent the correct order of the property stated 

against it? 12013] 

(а) VÀ < С? < Mn? < Fe™ : paramagnetic 
behaviour 

(b) Ni" < Со? < Fe? « Mn” : ionic size 

(c) Co* < Fe* < Cr < Sc? : stability in 
aqueous solution 

(d) Sc«Ti < Cr « Mn : number of oxidation 
states 

Four successive members of the first row 

transition elements are listed below with atomic 

numbers, Which one of them is expected to have 


thehighest E°, 9, [2013] 


value ? 


Which series of reactions correctly represents 
chemical reactions related to iron and its 


compound? 12014] 
(a) ве 9.92804 робо, —Ha80s.02 
Fe; (SO, ), +> Fe 
(b) po Onde , peo ФН280, 
FeSO, 1 Fe 
Clo. heat heat, air 


(с) Fehen ›реср_ кшш, 


FeCl —2" Fe 


(d) rea, pho, c 
Feo ame уро 


The equation which is balanced and represents 
the correct product(s) is: [2014] 


(à Lij,0«2KCI——92LiCI-K50 
() [Coci(NHs), | «su* 
—> Co? +5NH} «CI- 
© [ме(н›о)„] +(EDTA)* 
excess NaOH | [Me (ЕРТАУ|” + 6H0 
(d) CuSO, +4KCN—> 
к. [Cu (CN), ]+K 80, 


Match the catalysts to the correct processes : 


12015] 


38. 


39. 


40. 


41. 


42. 


c-123 
Catalyst Process 
(A) TiCl, () Wacker process 
(B) Paci, (ii) Ziegler- Natta 
polymerization 

© ac, (iii) Contact process 
(D) VO, (iv) Deacon's process 
(а) (A)-(ii), (B) - (iii), (С) - (iv), (D) -()) 


(b) (A)-(ii), (B) -G), (C) - Gi), (D) - v). 
(с) (A)- (ii). (B) - (ii), (C) - v). (D) - (i) 
(d) (A)-(Gi), (B) - (i), (C) - (iv), (D) - (iii) 


The colour of KMnO, is due to : [2015] 
(а) L- М charge transfer transition 
(b) o-o* transition 
(c) М >L charge transfer transition 
(d) d-dtransition 
The reaction of zinc with dilute and 
concentrated nitric acid, respectively, produces: 
12016] 
(a) NOandN,O (Ы) NO, and N,O 
(c) NjOandNO, (d) NO, andNO 
Which ofthe following compounds is metallic 
and ferromagnetic? [2016] 
(8) VO, (b) MnO, 
(c) TiO, (d) с, 
In the following reactions, ZnO is respectively 
acting as a/an: 12017] 
@ ZnO-*Naj —> Na,ZnO, 
() 210+ CO, —> ZnCO, 
(a) baseandacid | (b) base and base 
(c) acidandacid (d) acid and base 
Match the catalysts (Column I) with products 
(Column Ш). 12019] 
ColumnT Column II 
Catalyst Product 
(A) V0, () Polyethylene 
(B) TiCl/ AKMe); (i) ethanol 
© Pac, (ii) H,S0, 
(D) Iron Oxide (iv) NH, 
(а) (Ан) (B)- Gv): (C)-G): 08) 
(b) (A)-Gi): (Bii); (С)-(1); (Div) 
(с) (Ан) (BG): (Oi); (Div) 
(а) (Av): (Bi); (C); (D) 
. The atomic radius of Ag is closest to: 
12020] 
(а) Au — (b) Ni (c) Cu (d) Hg 
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1. (c) Common oxidation states ofCe(cerium)are 5. (с) 


+3and+4. " Е " 
2. (а) In lanthanides there is a regular decrease Моз —©—{кмпо, ]—©—› [Mn0, T 
in the atomic radii as well as ionic radii of 4 
trivalent ions as the atomic number И \ 5 
increases from Ce to Lu. This decrease in ма?” MnO, 
size of atoms and. ions is known as 
lanthanide contraction. Although the — &, (су lonicradii <} 
atomic radii do show some irregularities but d 
ionic radii decrease from La to Lu. Thus Thus 271 1.06 
the correct order is. ° z 57 (Ionic radii of Lu’) 
Yb” < Pm? Се” < Та? 2. Ionic radii of Lu — 0,85 A 


86.8pm 97pm l02pm 103pm 1 @ ÑH, +H Geidmedium) а ÑH 
23 - =NH, 

3. (а) Mn? -5 unpaired electrons 

8. (а) When KI is added to mercuric iodide it 


ЭРЧ agp cottons disssolves in it and forms complex. 
Т#—2 unpaired electrons 
* KI Ko[Hgl,] 


Сг?*— 4 unpaired electrons soluble) 


(insoluble in water) 

Ё нт Magnetic moment ёс Number of А 

к On heating, Hgl, decomposes as 
unpaired electrons 

Е Hgl; = Hg +1, T 

4. (c) Thecyanoand hydroxo complexes are far 2 нау 


e stable than those formed by halidi 
тоге stable than those formed Dy лай „оу Block elements show a regular decrease 

in atomic size due to lanthanide/actinide 
OH- are strong Lewis bases (nucleophiles). os tacto: 


ion, This is due to the fact that СМ апа 


Further | Ее(ОН), is not formed. hence 10, (a) 2K,CrO,+2HNO, — 
most stable ion is [Fe(CN),]- И K,C1,0,+2KNO,+H,O 


The d-and f-Block Elements 


n. 


12. 


18. 


19. 


20. 


© 


b 


@) 


@) 


© 


b) 
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AgNO, on heating till red hot decomposes 
as follows: 


AgNO; — Ag NO; +10, 


(0-1) 49нх attains the maximum OS, of 7 
Greytin == White tin 

Grey tin is brittle and crumbles down to 
powder in very cold climate. 

The conversion of grey tin to white tin is 
acompained by increase in volume., This 
is knwon as tin plaque or tin disease. 

CN- ion acts good complexing as well as 
reducing agent. 

The +4 oxidation state of cerium is also 
known in solution. 


> EMME] 


No of хайн electron = 0 


GET) EEE) 


No of. o electrons = 5 


" > GET) AEE 


No of unpaired electrons = 3 


Ё MOTE The greater the number of 
unpaired electrons, greater the magnitude 
of magnetic moment, Hence the correct 
order will be 
[MnCl,]?-> [CoCl,?-> [Fe(CN),]+ 
2Cu,0 + Cu$ —> 6Cu +80, 
self reduction. 
C503 + 61 + 14H* —> 

2Cr* +7H,0 +313 
Hg;Cl; +2NH,OH —> 


Hg +HgNH,Cl + NH4CI + 2H,0 


+ 
[Fe (СМ)Д 


Il 


[мас] 


[CoCl,] 


Ё MOTE In vertical columns of transition 


elements, there is an increase in size from 
first member to second member as expected 
but from second member to third member, 
there is very small chang in size and some 
times sizes are same. This is due to 


21. 


23. 


24. 


@ 


@) 


b) 


lanthanide contraction this is the reason 
for Zr and Hfto have same radius. 
d 5 — strong ligand field 


HATTE T] 
i nin 2) =/(1+2) = 43 =1.73BM 


d^— in weak as well as in strong field 


5822) = V15 - 387 B.M. 
аА іп weak ligand field 


n= 4442) = 24 -489 


d*in strong ligand field 


п=20+2) = 48 =2,82 


Lanthanide contraction is associated with 
the intervention of the 4/ orbitals which 
must be filled before the 5d series of 
elements begin. The filling of 7/ before 5d 
orbitals results in a regular decrease in 


atomic radii called lanthanoid contraction 
which essentially compensates for the 
expected increase in atomic size with 
increasing atomie number. The factor 
responsible for the lanthanoid contraction. 
is the imperfect shelding of one electron 
by another in the same set of orbitals. 
Metal atom in the lower oxidation state 
forms the ionic bond and in the higher 
oxidation state the covalent bond because 
higher oxidation state means small size and 
great polarizing power and hence greater 
covalent character. Hence MCI, is more 
ionic than MCI}. 

The configuration of lanthanides shows 
that the additional electron enters the 47 
subshell. The shielding of one 4 felectron 
by another is very little or imperfect. The 
imperfect shielding of felectrons is due to 
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26. 


27. 


28. 


29. 


WWW.JEEBOOKS.IN 


(а) 


@) 


b 


© 


the shape of forbitals which is very much 
diffused. Thus as the atomic number 
increases, the nuclear charge increases by 
unity at each step, while no comparable 
increase in the mutual shielding effect of 
Af occurs. This causes a contraction in the 
size of the 4 f subshell as а result of which 
atomic and ionic radii decrease gradually 
from La to Lu. 
The number of unpaired electrons in 
М (ад) =2. Water is а weak ligand, hence 
nopairing will take place 

^. spin magnetic moment 


= Yn(nt2)=J2(2+2) = J/g =2.82 


4f Orbital is nearer to nucleus as compared 
to 5f orbital therefore, shielding of 4 fis 
morethan 5f. 


В те More the distance between 


nucleus and outer orbitals, lesser will be 
force of attraction on them. Distance 
between nucleus and 5 forbitals is more as 
compared to distance between 4/ orbital and 
nucleus. So actinoids exhibit more number 
of oxidation states in general than the 
lanthanoids. 


Ё MOTE The main reason for exhibiting 


larger number of oxidation states by 
actinoids as compared to lanthanoids is 
lesser energy difference between 5 апа 6d 
orbitals as compared to that between 4/and 
54 orbitals. 

In case of actinoids we can remove 
electrons from 5fas well as from 6d and 
dueto this actinoids exhibit larger number 
of oxidation state than lanthanoids. 

The titration ofoxalic acid with KMnO, in 
presence of HCI gives unsatisfactory result 
because of the fact that KMnO, can also 
oxidise HCI along with oxalic acid. HCl on 


30. 


31. 


32. 


33. 


b) 


@) 


(b) 


(с) 


(» 
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oxidation gives Cl, and HCI reduces 
KMnO, to Mn, thus the correct answer 
is (c). 
Most of the Ln?* compounds except La?* 
and Lu>* are coloured due to the presence 
of unpaired /-electrons. 
Across the first transition series, the 
negative values for standard electrode 
potential decrease except for Mn due to 
the stable d$ configuration. 
Thus, correct order is 

Mn? > Сг > Ее > Со. 
Fe?" is easily hydrolysed than Fe?* due to 
more positive charge. 


У = 343 452; У? = За? = 3 unpaired 
electrons 

Cr = 345 4s! ; Cr^* = 3d = 4 unpaired 
electrons 

Mn = 30° 452; 
electrons 

Fe = 34% 452; Ее? = 34% = 4 unpaired 
electrons 


?* = 3d5 = 5 unpaired 


Hence the correct order of paramagnetic 
behaviour 

у? <Сг?* = Fe” < Mn? 

For the same oxidation state, the ionic radii 
generally decreases as the atomic number 
increases in a particular transition series, 
hence the order is 

Mn?* > Fe?* > Co?* > Ni 

Larger size, least hydrated more stable in 
aqueous solution. As we move across the 
period ($е?* — Cr?* — Ее?* — Co% ), the 
ionic size usually decreases, Sc? with the 
large size as least hydrated and hence more 
stable. 

Se~(+2),(+3) 

Ti- (+2), (+3), (+4) 

Сг- (+2), (+3), (+4), (+ 5), (+ 6) 

Mn - (+2), (+3), (+4), (+5), (+ 6), (+ 7) 
ie. Se<Ti<Cr<Mn 


The d-and f-Block Elements 


34. (d) 
35. @ 
36 0) 
@) 
(c) 
9 
37. @ 
38. (а) 
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E? s 2, 7-041 V, 
Cr ^ /Cr^ 


BP rg ТОЛТУ 


In equation (a) Fe,(SO,),, and in equation 
(b) FeSO,, on decomposition will form 
oxide instead of Fe. In equation (c) FeCl, 
cannot be reduced when heated in air. 
Hence equation (d) is correct. 

The equation in option (b) is correct since 
both charges as well as atoms are balanced. 
For the rest, 

Given reaction in unfavourable in the 
forward direction (K,O is unstable, while 
LiO is stable) 

Given reaction is not balanced w 


charge. 
Given reaction will give K,[Cu(CN),] as 
product instead of K,[Cu(CN),]. 

(A) - (ii), (B) - ©, (C)- (iv), (D) - (iii) 

1. М charge transfer spectra, KMnO, is 
coloured because it absorbs light in the 
visible range of electromagnetic radiation. 
The permanganate ion is the source of 
colour, as a ligand to metal (L — M) charge 
transfer takes place between oxygen's p 
orbitals and the empty d-orbitals on the 
metal. This charge transfer takes place 
when a photon of light is absorbed which 
leads to the purple colour of the compound. 


39. 


40. 


4l. 


42. 


43. 


[2] 


@ 


@ 


© 
(A) V,0, — Preparation of H,SO, in contact 


(a) 


Reaction of Zn with different concentration 
of HNO, areas follows : 
Zn+4HNO,(60%)—> 
Zn(NO,), -2NO,T +2H,O 
3Zn + 8HNO,(30%) —> 
3Zn(NO,), + 2МО7--4Н,О. 
4Zn + 10HN0,20%)—> 
AZn(NO,), + NOT + 5H,O 
5Zn + 12HNO,(10%)——> 
5Zn(NO,), + NT +6H,O 
4Zn + 10HNO,(3%) —> 
4Zn(NO,), + NH,NO, +3H,O 
Hence option (с) is correct. 
Out of all the four given metallic oxides, 
CrO, is attracted by magnetic field very 
strongly. The effect persists even when the 
magnetic field is removed. Thus CrO, is 
metallic and ferromagnetic in nature. — 


0) 210+ №,0  Na;ZnO, 


acid base salt 
Gi) 210+ CO, ZnCO, 
base acid salt 


process 


(B) TiCl;- Al(Me), — Polyethylene (Ziegler- 


Natta catalyst) 


(С) PdCI, > Ethanal (Wacker's process) 
(D) Iron oxide — NH, in (Haber's process) 


Atomic size of elements of 4d and 5d 
transition series are nearly same due to 
lanthanide contraction. 
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Co-ordination 
Compounds 


A square planar complex is formed by 
hybridisation of which atomic orbitals? 
12002] 


(а) крор. (5) S Pe Dd, 


(d) sp, Pas dy 


The type of isomerism present in 
nitropentamminechromium (Ш) chloride is 
12002] 


© s Po Ppd; 


(a) optical (b) linkage 
(c) ionization (d) polymerisation. 
CH, - Mg - Br is an organometallic compound 
due to [2002] 
(а) Mg Br bond 

(b) C— Mg bond 

(c) C-Br bond 

(d) C-Hbond. 

One mole of the complex compound 
Co(NH;),Cl,. gives 3 moles of ions on 
dissolution in water. One mole of the same 
complex reacts with two moles of AgNO, 
solution to yield two moles of AgCI (s). The 
structure of the complex is 12003] 
(а) [Co(NH,),Cl,].2 NH, 

(b) [Co(NH,,CL]CI .NH, 

(c) [Co(NH,),Cl] Cl,. NH, 

(d) [Co(NH,),Cl] Cl, 

In the coordination compound, K,[Ni(CN),], the 
oxidation state of nickel is 12003] 


32 


fa) 0 (b) +1 
() 32 (d) -1 
The coordination number ofa central metal atom 
ina complex is determined by 12004] 


(а) the number of ligands around a metal ion 
bonded by sigma and pi-bonds both 

(b) the number of ligands around a metal ion 
bonded by pi-bonds 

(c) the number of ligands around a metal ion 
bonded by sigma bonds 

(d) the number of only anionic ligands bonded 
tothe metal ion. 

Which one of the following complexes is an 

outer orbital complex ? [2004] 

(а) [Co(NH) 

(b) [Mn(CN),]* 

(с) [Fe(CN) J+ 

(d) [мн 

(Atomic nos. : Mn =25; Fe=26; Co=27, Ni -28) 

Coordination compounds have great importance 

in biological systems. In this context which of 

the following statements is incorrect? [2004] 

(8) Cyanocobalamin is B,, and contains cobalt 

(b) Haemoglobin is the red pigment of blood 
and contains iron 


(c) Chlorophylls are green pigments in plants 
and contain calcium 


(d) Carboxypeptidase — A is an enzyme and 
contains zinc. 


Co-ordination Compounds 


9. 
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Which one of the following has largest number 
of isomers? [2004] 


(8) (РК з) НСО)" 
(b) |СоймН,)5С1 
(c) [Ru(NH3),Cly]* 
(d) [Co(en) Cl, ]* 
(R = alkyl group, en = ethylenediamine) 
The oxidation state Cr in [Cr(NH3)4Cl;]* is 


(a) 0 (b) +1 
(© +2 (d) +з 
The IUPAC name of the coordination compound 
K3[Fe(CN)¢] is 12005] 


12005] 


(a) Tripotassium hexacyanoiron (11) 


(b) Potassium hexacyanoiron (11) 


(c) Potassium hexacyanoferrate (Ш) 
(d) Potassium hexacyanoferrate (11) 
Which of the following compounds shows 


optical isomerism? 12005] 


(а) [Co(CN)P- — (5) [Cr(C04)3 7 


© [ZnCl (d) [Cu(NH3),]* 


Which one of the following cyano complexes 
would exhibit the lowest value of paramagnetic 


behaviour ? [2005] 


(а) [Co(CN)g" (Ы) ГЕе(СМ) 6]? 


(©) [Mn(CN) (4 ГСМ)? 


(AL Nos: Cr=24, Mn -25, Ее= 26, Со=27) 
The IUPAC name for the complex 
[Co(NO.(NH,).]CL is : 12006] 
(à) pentaamminenitrito-N-cobalt(1I) chloride 


(b) pentaammine nitrito-N-cobalt(111) chloride 
(c) nitrito-N-pentaamminecobalt(11I) chloride 


(d) nitrito-N-pentaamminecobalt(11) chloride 


15. 


16. 


12. 


18. 


19. 


20. 


Nickel (Z — 28) combines with a uninegative 
monodentate ligand Х to form a paramagnetic 
complex [NiX]. The number of unpaired 
electron(s) in the nickel and geometry of this 
complex ion are, respectively : [2006] 
(a) one, square planar 
(b) two, square planar 
(c) one, tetrahedral 
(d) two, tetrahedral 
In Fe(CO),, the Fe — C bond possesses 

12006] 
(a) ionic character 
(b) o-character only 
(c) л-сһагасіег 
(d) both c and л characters 
How many EDTA (ethylenediaminetetraacetic 
acid) molecules are required to make an 


octahedral complex with a Ca?* ion? 12006] 
(a) One (b) Two 

(c) Six (d) Three 

Which of the following has a square planar 
geometry? 12007] 
(а) [PIC (b) (Со Р 

(с) ЇЕеСЦР (4) мар 

1-28, Pt=78) 


The coordination number and the oxidation 
state of the element “Е” in the complex 
[E (еп), (С,ООТХО, (where (en) is ethylene 


diamine) are, respectively, 12008] 
(а) 6and2 (b) 4and2 
(с) 4and3 (d) 6and3 


In which ofthe following complexes of the Co 
(at. no. 27), will the magnitude of A, be the 
highest? [2008] 
@) [сс 

©) [ICoC,0,),]- 

(c) [соно 

(d) (CotNH,)* 
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12012] 


[2014] 


[2015] 
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21. Which of the following shows optical 26. Which among the following will be named as 
isomerism ? 12009] dibromido bis(ethylenediamine) chromium (11) 
(а) [Co(en) (NH,),T* bromide? 
(b) [Co(H,O),(en)* (а) [Cr(en),]Br, 
(c) [Co(en), (NH,),]* (b) [Cr(en),Br,]Br 
(d) [CXNH,,CI* (c) [Cren)Br]- 
22. Which ofthe following pairs represent linkage (d) [CHer)Br]Br 
оле мае lex species is not 
(е) [APP NCS,Jad[Mdqmh), бсн) 2^ Which ofthe fllowing/éomplex species is na 
2223 салааг, expected to exhibit optical isomerism? [2013] 
(b) [Co(NH,),NO,]SO, and @) [Coen 
[Co(NH,),SO,]NO, 3 
(c) [PICL(NH,) Br, and [Pt Br, (NH,),] Cl, €) [Col CH 
(d) (Cu(NH,),J(PtCl,] and [PUNH,),][CuCL,] о [CoNH); Ch] 
23. A solution containing 2.675 g of СоС1,. 6 NH, (d) [Co(en) (NH,), CL] 
(molar mass = 267.5 g mol") ispassedthrougha 28. The octahedral complex ofa metal ion М? with 
cation exchanger. The chloride ions obtained in four monodentate ligands L,, Ly, L; and L, 
solution were treated with excess of AgNO, to absorb wavelengths in the region of red, green, 
give 4.78 g of AgCI (molar mass = 143.5 g yellow and blue, respectively. The increasing 
mol). The formula of the complex is order of ligand strength of the four ligands is: 
(At. mass of Ag = 108 u) [2010] 
(а) [Co(NH3)g]Cls а) м<Ь<Ьь<Ц 
(b) (СоСЬ(МН3) 101 0) L«L«L«L, 
(©) [CoCl;(NH3)3] 4) а, 
(d) [CoCK(NH;);]Cl» (d L«L«L «L 
24. Which one of the following has an optical зу Which of the following compounds is not 
isomer? 12010] ы 9 
А colored yellow ? 
(а) [Zn(en) (Н), (b) [Co(en),]* 
2 ^ 'NH,),[As(Mo,O, 
(© [Co(H,O),(en)}* (8) [Znen @ (HSAs, rod 
(en = ethylenediamine) (b) Васто, 
25. Which one of the following complex ions has (c) Zn,{Fe(CN),] 
geometrical isomers ? 12011] (d) KjCo(NOJJ] 
(а) [NINH BA] 30. 


(b) [Co(NH,),(en),}* 
(с) [Cr(NH,) Cen), P^ 
(d) [Co(en),]"* 
(en = ethylenediamine) 


The number of geometric isomers that can exist 
for square planar complex [Pt (Cl) (py) (NH;) 


ОХН,ОН) is (py=pyridine) : [2015] 
(a) 4 (b) 6 
© 2 @з 


Co-ordination Compounds 


31. 


32. 


33. 
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Which one of the following complexes shows 

optical isomerism? [2016] 

(a) trans [Со(еп),СІ СІ 

(b) [Co(NH,),CLICI 

(с) [Co(NH,),Cl,] 

(d) cis[Co(en),CL]CI 

(en = ethylenediamine) 

The pair having the same magnetic moment is: 

[At. No.: Cr = 24, Mn= 25, Ее= 26, Co- 27] 

12016] 

(a) [Mn(H,O),** and [Cr(H,0) Р" 

(b) [CoCI,P- and [Fe(H,O), P* 

(с) [Cr(H,0),* and [CoCI,]?- 

(d) [Cr(H,O),* and [Fe(H,O);* 

On treatment of 100 mL of 0.1 M solution of 

CoCl, . 6H,O with excess AgNO,; 1.2 x 1022 

ions are precipitated. The complex is: [2017] 

(a) [Co(H,O), CL]CL2H,O 

(b) [Co(H,O),CI,].3H,O 

(©) [Co(HjO) Cl, 

(d) [Co(H,0),CICL,.H,0 

Consider the following reaction and statements: 

[Co(NH;),Br,]* + Br — [Co(NH,),Br,] + NH, 

(1) Two isomers are produced if the reactant 
complex ion is a cis-isomer. 

(П) Two isomers are produced if the reactant 
complex ion is а trans -isomer 

(Ш) Only one isomer is produced if the reactant 
complex ion is a frans -isomer 

(IV) Only one isomer is produced if the reactant 
complex ion is a cis-isomer. 

The correct statements are: 

(а) Madah (b) (and 1) 

(c) (HDand(IV) | (d) (II) and (IV) 

Two complexes [Cr (H,O),] Cl, (A) and 


12018] 


т (NH,),JCI, (B) are violet and yellow coloured, 
Cr (NHCl iolet and yellow coloured. 


36. 


37. 


respectively. The incorrect statement regarding 

themis: [2019] 

(à) A,values of (A) and (B) are calculated from 
the energies of violet and yellow light, 
respectively. 

(b) both are paramagnetic with three unpaired 
electrons. 

(c) both absorb energies corresponding to 
their complementary colors. 


(4) A, value for (A) is less than that of (B). 
The highest value of the calculated spin only 
magnetic moment (in BM) among all the 


transition metal comple: 12019] 
(8) 592 (b) 693 

() 387 (d) 490 

The one that will show optical activity is: 

(en = ethane 1, 2-diamine) [2019] 


B 
(a) 
B А 
A 
ài D 
А 
еп 
B 


A 
B 


A 


<р 


В B 
(d) M 
B 


(©) 
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38. The degenerate orbitals of[Cr(H,O),P* аге: 39. The IUPAC name ofthe complex 
12019] [Pt (NH,),CI(NH,CH,)|Clis: 12020] 
йб. (8) Diamminechlorido (methanamine) platinum 
4 Е (IDchloride 
" 1 (b) Diammine (methanamine) chlorido 
(b) салааг? А 
эс platinum (II)chloride 
(c) 42 and d. (c) Diamminechlorido (aminomethane). 
platinum (1I)chloride 
(d) d? ,2 and dy (d) Bisammine (methanamine) chlorido 


Answer Key 
9 


8 


platinum (II)chloride 


6 7 
(c) (4) 


22 


(с) 


(4) 


(а) 


2. 


СС 


Solutions 


25 


(b) A square planar complex is formed by 


hybridisation of 
s,p,p,and dy» atomic orbitals 
xy 


(b) The chemical formula of nitropentammine 
chromium 011) chloride is 


[cr (N13); хо, |с, 
It сап exist in following two structures 


| Ө(мн), No» |Cly and 


Nitropentamminechromium (11) chloride 


[с((хн;), ONO |с, 
Nitritopentamminechromium (IIT) chloride 
Therefore the type of isomerism found in 
this compound is linkage isomerism as NO, 


group is linked through N as -МО, or 
through O as- ONO. 


3 0 
4 @ 
5 (а) 
6 (с) 


Compounds that contain carbon-metal bond 
are known as organometallic compounds. 
In CH,-Mg-Br (Grignard's reagent), a bond 
is present between carbon and Mg (metal), 
hence it is an organometallic compound. 
Co (NH,),Cl, = [Co(NH;,CI]?- 2C 
2. Structure is [Co (NH,), CI] CL. 
Now [Co(NH3)sCI]Cl; + 2AgNO; 

—ÓÀ [Co(NH,).CIINO,), * 2AgCI 
Let the O. N. of Ni in K,[Ni(CN),] be =x 
then 
A(+1)+x+(-1)*4=0 
4+х-4=0 
хей 
The coordination number of central metal 


=> 


atom in a complex is equal to number of 
monovalent ligands, twice the number of 


Co-ordination Compounds 


7. (d) 
& © 
9. (d 
10. @ 
п. © 
12. ® 
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bidentate ligands and so on, around the 
metal ion bonded by coordinate bonds. 
Hence coordination number — No. of 
bonds formed by metals with ligands. 
[Fe(CN); I [Ma(CN),]^, 


B dig? 


dsp" 
[Co(NH ) Р”, [Ni(NH; Js Р” 


d'sp? spd? 


Hence [Ni(NH3)g]* is outer orbital 
complex. 

The chlorophyll molecule plays an 
important role in photosynthesis. It has 
porphyrin rings and the metal Mg, not Ca. 
Isomers 

[Ru(NH; )4 Cl, ]*,[Co(NH3)5C1?*, 

cis and trans none 


[Ir(PR );H(COJI" ,[Co(en);Clo]* 
cis and trans and. 
optical isomers 


cis and trans 


Oxidation state of Crin [Cr(NH4)4 СІ]. 
Letitbex, 1хх+4х0+2(<1)=1 
Thereforex=3. 


K3[Fe(CN),] is potassium 
hexacyanoferrate (Ш). 


13. (а) 


ох \ Cr 


Ч oy 
| 

| 

| ox 


Non-superimposable mirror images, hence 
optical isomers. 


Metalion —Unpaired | Magnetic 
electrons moment. 

(а) Со" 0 0 
(b) Fe 1 V3 BM. 
© Ma^ 2 V8 B.M. 
(d а 3 418 B.M. 


16. 


172 


18. 


20. 


Ф 


@) 


@) 


Ф 


@) 


The effective magnetic moment is given by 
the number of unpaired electrons in a 
substance, the lesser the number of 


unpaired electrons lower is its magnetic 
moment in Bohr — Magneton and lower 
shall be its paramagnetism. 
[Co{NO),(NH,),]Cl, 


Pentaamminenitrito-N-cobalt (III) chloride 


[Ni Хр, the electronic configuration of 
Ni” is 


Itcontains two unpaired electrons and the 
hybridisation is sp? (tetrahedral). 
Due to some backbonding by sideways 
overlapping between d-orbitals of metal 
and p-orbital of carbon, the Fe-C bond in 
Fe(CO), has both c and л character. 
EDTA is hexadentate, four donor О atoms 
and2 donor N atoms, and for the formation 
of octahedral complex one molecule is 
required. 
Complexes with dsp^ hybridisation are 
square planar. All the complexes of. Р“ 
are square planar including those with weak 
field ligand such as halide ions. Thus option 
(a) is correct. 
In the given complex we have two bidentate 
ligands (i.e en and C,O,), so coordination 
number of E is 6 

(2х2+1х2=6) 
Let the oxidation state of E in complex be х, 
then 

[v+(2)=1] or х-2=1 
or x= +3, soits oxidation state is + 3 
Thus option (d) is correct. 
In octahedral complex, the magnitude of 
A, will be highest in a complex having 
strongest ligand. Ofthe given ligands, CN 
is strongest, so A, will be highest for 
[Co(CN),]*. Thus option (a) is correct. 
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22. (a) 
23. @) 
24. ® 


3+ 


Enantiomers of сіз-ГСо(еп) (МН) 


The SCN” ion can coordinate through S or 


Natom giving rise to linkage isomerism 
М & SCN thiocyanato 
M «- NCS isothiocyanato. 
CoCls.6NH; ——xCl- 

2675g 


ХС + AgNO; —xAgCl 4 
478g 


Number of moles ofthe complex 


Number of moles of AgCI obtained 
478 
= 478 соо 
143.5 mol 
2. No. of moles of AgCI obtained 


=3 * No. of moles of complex 


on 3 


~ 001 


For a substance to be optical isomer 


following conditions should be fulfiled 


(а) A coordination compound which can 


rotate the plane of polarised light 
said to be optically active. 


(b) 


have si 


is 


When the coordination compounds 
formula but differ in their 


abilities to rotate directions of the 


plane of polarised light are said 
exhibit optical 
molecules are opti 


to 


omerism and the 
1 isomers. The 


optical isomers are pair of molecules 
which arenon-superimposable mirror 


images of each other. 


ofsymmetry in the complex. 


This 15 due to the absence of elements 


(d) 


Chemistry 


Optical isomerism is expected in 
tetrahedral complexes of the type 
Mabcd. 

Based on this only option (b) shows 
optical isomerism 


[Со(еп),]?* 
en + еп, 
еп 
Со Co. / hen 
еп em 
d-form l-form 
"Meso' or optically inactive form 
Complexes of Zn^* cannot show optical 
isomerism as they are tetrahedral complexes 
with plane ofsymmetry. 
[CO(H,O),(en)}** has two planes of 
symmetry hence it is also optically inactive. 
25. 0) 
NH. 
eii 3+ 3 3+ 
мн, 
Có еп Co еш 
NH, 
eit 
NH, 


cis-isomer 


trans-isomer 


26. @) [Cr(en),Br,]Br 
dibromido bis(ethylenediamine) chromium 
(Ш) Bromide. 


27. 


© 


Octahedral coordination entities ofthe type 
Mab, exhibit geometrical isomeri 
compound exists both as 


m. The 
and 


meridional isomers, both contain planc of 
symmetry 


Co-ordination Compounds 
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NH, NH, 
— ЕИ UN" 
Soc | Sac] 
[айке apa 
cl NH 
fac-isomer кыру ДАН 
28. b) B 
у G 
31. (d) Optical isomerism occurs when a molecule 
А " is non-super imposable with its mirror image 
hence the complex cis-[Co(en),CL;]Cl is 
o optically active. 
T " 
e | en 
For a given metal ion, weak field ligands ali 
createa complex with smaller A,, which will ү © 
absorbs light of longer 2. and thus lower сб | "m 
frequency. Conservely, stronger field | 
ligands create a larger A,, absorb light of ea jc 
shorter А. and thus higher v ie. higher PR | еп 
епегру. «чао * cis-L-isomer 
Red < Yellow < Green < Blue 32. @ Metalion — Unpsired | Magnetic 
k-650nm — 570nm 490mm 450пт electron moment 
So order of ligand strength is 6 c 4 v24 вм. 
ГЭР. ЧЭ», Gi) Fe” 4 V24 B.M. 
29. (c) i) Co 3 415 BM. 
30. (d) Square planar complexes of type M[ABCD] GV) Ма?” 5 485 BM. 
КОН г isomers. Their position maybe Since (i) and (ii), each has 4 unpaired 
obtained by fixing the position of one electron, so they will exhibit same magnetic 
ligand and placing at the trans position any moment. Thus option (d) iscorrect. 
pd ofthe remaining three ligands one by аз ay Moles of complex 
` _ Molarity x Volume(mL) 
1000 
210001 Ob mot 
=— ogg 0.01 mole 


trans 


Moles of ions precipitated with excess of 
12107 


6.02 x10? 


AgNO, = 0.02 moles 
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Number of CI: present in ionisation sphere For complex B [Cr(NH3)6]}**: 
Number of moles of ions precipitated 
ep eee 11111 | ххїхх| xx] |хх|хх|хх| 
Number of moles of complex 
m^ 3d 4s 4p 
шэн 9 ——— BÉ 
0.01 dsp} hybridisation 
It means 2CI- ions present in ionization Here, both the complexes (A) and (B) are 
sphere, paramagnetic with 3 unpaired electrons 
: each. Also H,O is a weak field ligand which 
Thus formula of the complex is 2 083 P 
бе causes lesser splitting than МИН, which is 
[Co(H,0);CI)CL.H,O comparativelystronger field ligand. Hence, 
34. 0) the (Aj) value of (A) and (B) are calculated 


NH, 


a 


trans- isomer 
35. (à) EC.ofCP* (307): 
For complex A [Cr(H. 
11111 xxpex [xx] |хх|хх|хх| 
3d 45 4p 


d" sp? hybridisation 


36. (а) 


38. 0) 


39. (а) 


from the wavelengths of light absorbed and 
not from the wavelengths of light emitted. 


Magnetic moment, y= yn(n+2) BM 
(where, n=no. of unpaired electrons) 

As transition metal atom/ion in a complex may 
have unpaired electrons ranging from zero to 
5. So, maximum number of unpaired electrons 
that may be present in a complex is 5. 

^. Maximum value of magnetic moment 
amongall the transition metal complexes is 


= 552) = 35 =5.92BM 


No plane of symmetry or centre of symmetry 
Hence it is optically active. 


Cr? has d? configuration and forms an 
octahedral inner orbitals complex. 
The set of degenerate orbitals are 
(dey. dyz and d, ) and (4,2_,2 and 42) 


[Pt(NH,),CI(NH,CH,)JCI 
Diamminechlorido (methanamine) platinum 
(1) chloride. 
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1 
E Haloalkanes and 


Haloarenes 


24) 


Bottles containing C,H,land С,Н;СН, lost their 6, 


original labels. They were labelled A and B for 
testing. A and B were separately taken in test 
tubes and boiled with NaOH solution, The end 
solution in each tube was made acidic with dilute 
HNO, and then some AgNO, solution was 
added. Substance B gave a yellow precipitate. 


Which one ofthe following statements is true for 7- 


this experiment? 
(а) AisC,H,CHI 
(b) Bis CHJ 
(c) Addition of HNO, was unnecessary 
(d) Ais CHI 
The compound formed on heating 
chlorobenzene with chloral in the presence of 
concentrated sulphuric acid, is 12004] 
(a) freon (b) DDT 
(c) gammexene 
Tertiary alkyl halides are practically inert to 
substitution by S,2 mechanism because of 

12005] 
(а) sterichindrance (b) inductive effect 
(c) instability (d) insolubility 
Alkyl halides react with dialkyl copper reagents 
to give poos % 
(a) alkenyl halides 
(b) alkanes 
(c) alkyl copper halides 
(d) alkenes 
Elimination of bromine from 2-bromobutane 
results in the formation of — 12005] 
(а) Predominantly 2-butyne 
(b) Predominantly 1-butene 
(c) Predominantly 2-butene 
(d) equimolar mixture of 1-and 2-butenes 


12003] 


(d) hexachloroethane 8. 


52 


Phenyl magnesium bromide reacts with methanol 

to give [2005] 

(а) amixture of toluene and Mg(OH)Br 

(b) amixture of phenol and Mg(Me)Br 

(c) amixture of anisole and Mg(OH)Br 

(d) amixture of benzeneand Mg(OMe)Br 

Fluorobenzene (C,H,F) can be synthesized in 

the laboratory [2006] 

(a) by direct fluorination of benzene with F, 
gas 

(b) by reacting bromobenzene with NaF 
solution 

(c) by heating phenol with HF and КЕ 

(d) from aniline by diazotisation followed by 
heating the diazonium salt with HBF, 

Reaction of trans 2-рһепуі-1 bromocyclopentane 

on reaction with alcoholic KOH produces 

(а) L-phenylcyclopentene 12006] 

(b) 3-phenylcyclopentene 

(c) 4-phenylcyclopentene 

(d) 2-phenylcyclopentene 

The structure of the major product formed in the 


following reaction is 12006] 

CHCI аск 

a 
DMF 
1 
CH;CI СН,СМ 
(а) (5) 
CN 1 


c-138 


п. 


13. 


14. 
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CH,CN CHCI 
(c) (d). 
CN 
CN I 


Which of the following is the correct order of 

decreasing 5,2 reactivity? 12007] 

(à R,CHX>R,CX>RCH,X 

(b RCH,X>R,CX>R,CHX 

(c) RCH,X»RCHX»RCX 

(d) R,CX>R,CHX>RCH,X. 
(Xisahalogen) 


The organic chloro compound, which shows 
complete sterochemical inversion during a 5,2 
reaction, is 12008] 
(a) (C,H),CHCI (Ы) (снууса 

(c) (CH),CHCL (d) сна 


Consider the following bromides : 


A FZ ЦЭГ” Су 
Br Br 
(А) (в) (o 


The correct order of S,1 reactivity is 
(à) В>С>А (b В>А>С 
© С>В>А (d A>B>C 
How many chiral compounds are possible on 
monochlorination of 2- methyl butane ? [2012] 
(а) 8 (b 2 

(c) 4 (d) 6 

Compound (A), C,H,Br, gives a yellow 
precipitate when warmed with alcoholic AgNO, 
Oxidation of (A) gives an acid (B), С,Н,О, (B) 
easily forms anhydride on heating. Identify the 
compound (A). [2013] 


CH,Br ел, 
@) (b) Cr 
Br 


CH, 


12010] 


15. 


17, 


18. 


Chemistry 
CH,Br 
CH,Br 
(e) (d) CX 
CH, 
CH, 


In 5,2 reactions, the correct order of reactivity 
for the following compounds: [2014] 
CH,CI, CH,CH,CI, (CH;),CHCI and (CH,),CCI 
is 
(a) CH3Cl>(CH3), CHCI 

> CH3CHCl > (СНз), CCI 


(b) CH,Cl> CH,CH;CI 
> (CH), CHCI » (CHG), CCI 
(©) CH3CH,Cl> CH,CI 
> (CH), CHCI > (CH; ), CCI 
(d) (CH3), CHCI » CH,CH;CI 
> CHsCI > (CH), CCI 


The major organic compound formed by the 
reaction of 1, 1, I-trichloroethane with silver 


powder is: [2014] 
(8) Acetylene (b) Ethene 
(c) 2-Butyne (d) 2-Butene 


The synthesis of alkyl fluorides is best 
accomplished by : [2015] 
(a) Finkelstein reaction 

(b) Swarts reaction 

(c) Free radical fluorination 

(d) Sandmeyer' reaction 


2-Chloro-2-methylpentane on reaction with 
sodium methoxide in methanol yields: 
12016] 


CH; 
| 

6) C,H,CH,C— OCH, 
CH, 
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(0) сањењ = сн, 
CH, 


(i) C;H,CH- С - CH, 


CH; 
(а) (iii) only (b) (i)and (ii) 
© Allofthese — (d) (and (iii) 
19. The increasing order of the reactivity of the 
following halides for the 5,1 reaction is 
[2017] 
CH,CH(C)CH,CH, | CH,CHCH,CI 
йл an 
p-H,CO-C,H,-CH,Cl 
(ш) 
(a) (11)«(1)«0) (Ы) (<<) 
© M<an<a) — (d) (<<) 


20. Which of the following , upon treatment with 
tert-BuONa followed by addition of bromine 
water, fails to decolourize the colour of bromine? 


12017] 


Br 


17 18 19 20 21 22 23 


Answer Key 


Ги ES Ge 1 271 21 5 1 1 81 


21: 


22. 


The major product obtained in the following 
reaction is : 12017] 


Br H 


S 
< сн; 
pu t-BuOK 
сн; ^ 


(а) (+)C,H,CH(O'Bu)CH,C,H, 

(b) C,H,CH - CHC.H, 

(c) C)C,H,CH(O'Bu)CH;C,H, 

(d) ()C,H,CH(O'Bu)CH;C.H, 

The major product of the following reaction is : 


12018] 
è Br 
OMe 
(а) (9) 
OMe 
(c) (d) 


12020] 
(а) (CH,),CCH(OH)CH, —Sel80s у 
(b) (CH,),CHCH(Br)CH, 10" у 


(CH; ),0-K® 


NaOMe 
MeOH 


. Consider the following reactions: 


(c) (CH,),CHCH(Br)CH, 
(d) (CHj,C- CH; CHO =i 
H 


Which of these reaction(s) will not produce 
Saytzeff product? 
(a) (a). (c) and (d) 
© (c)only 


(b) (d)only 
(d) (b)and (d) 


Фф) | ©) | @ (а) 


w| (а) | (» 
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cC Solutions 25 
нмоун! Br 
L @ Сн 0%, с.н.Ома ӘЗ Ё 
5 © CH,-CH-CH;-CH, КОН у 
C,H,OH —5APO: , No yellow ppt. CH, -CH = CH- CH; + HBr 
abl The formation of 2-butene is in accordance 
CACHI — 77 CUH,CH,ONa to Saytzeff’s rule (more substituted alkene 
в) is formed). 
HNOVH" он CHLOH 6. (d CH;OH-«C&H,MgBr —> 
CH,OMgBr + C,H, 
—А#МОз , yellowppt. 7, @ 
Since benzyl iodide gives yellow ppt. hence NH, мо 
this is compound B and A is phenyl iodide Д 5 
(сн). NaNO, + HCI HI 
— —À 
2. (b) DDT is prepared by heating chlorbenzene 0-5" (diazotisation) 
and chloral with concentrated sulphuric acid ї 
ВЕ; Е 
CCLCHO +2 а 
А «2» ET BEEN; 
Benzene diazonium. n 
cl tetrafluoroborate 
Л Conversion of I to П is known as Balz- 
US CClCH Е : 
-H20 schilmann reaction. 
8. (а) The reaction is dehydrohalogenation 
cl " 
1,1,1-Trichloro-2,2 bis C Hs. ун, 
»-chl 'henyl) ethane or DDT 
(p-chlorophenyl) ethane or аскон 
1-Phenyl cyclopentene 
3. (а) Due to steric hindrance tertiary alkyl 9. — (b) 


halides do not react Бу 5,2 mechanism, 
they react by Syl mechanism. 5,2 
mechanism is followed in case of primary. 
and secondary alkyl halides. 

In Corey House synthesis of alkanes alkyl 
halides react with lithium dialkyl cuprate 
КХВ Сы —> R'-R + RCu + LiX 


CHCI см CH,CN 
DMF 
I 1 


Nuclear substitution will not take place. 
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10. (с) In 5,2 mechanism transition state is 
pentavelent. For bulky alkyl group it will 
havesterical hinderance and smaller alkyl 
group will favour the S,2 mechanism. So 
the decreasing order of reactivity of alkyl 
halide towards 5,2 mechanism is 


RCH,X> ВСНХ > R,CX 


11. (d) 5,2 reaction is favoured by small groups 
on the carbon atom attached to halogen. 
So, the order of reactivity is 
CHCl > (CH), CHCI > (СН) ССІ 
> (C2H5) CHCI 
12. (а) 


" 
ме” py —ionisation S. BÊ 


(л) 


ме 
Me 
ү ionisation 2274 
Вг 


e NUM go 


2° (resonance stabilised) 


Me 
Me d ionisation ч 
Ве e 
ме Т энд 
2° (no resonance) 
Since Sy reactions involve the formation 
of carbocation as intermediate in the rate 
determining step, more is the stability of 
carbocation higher will be reactivity of 
alkyl halides towards 8,1 route. Now we 
know that stability of carbocations follows 
the order : 3° > 2° > 1°, so 5,1 reactivity 
should also follow the same order. 
3°> 2° > 1°> Methyl (S, reactivity) 
cl 
* 
13. © CH,—Cu— cH,— cH, 


CH, 
(К+ 5) 


с! 
єн,—сн—Сн— CH, 
CH, 
(R+S) 
Four monochloro derivatives are chiral. 
M. @ 


CH,Br 
Alcoholic 
CH, "ANO, ^ AgBr} 
з 
(A) yellow ppt. 


"C 
== о 
co^ 


Phthalic anhydride 


Oxidation 


Ci 
COOH 
Acid (B) 


15. (b) Steric hindrance around the carbon atom 
having Cl will slow down the 5,2 reaction, 
hence lesser the hindrance, faster will be 
the reaction. So, the order of reactivity is 
CH,C1> (CH)CH,- CI » (CH,),CH-C1> 
(CH),CCI 


cl 


| 
16. (с) TCI = CH SAE? 


cl 


1, 1, I-trichloroethane. 


CH,C=CCH, -6AgCI 

2-butyne 
17. () Alkyl fluorides are more conveniently 
prepared by heating suitable chloro — or 
bromo-alkanes with organic fluorides such 
as АЗР,, SbF}, CoF,, AgF, Hg;F, ete. This 


reaction is called Swarts reaction. 

CH;Br+AgF —>CH,F + AgBr 

2CH5CH;CI e HggF; —> 
2CH3CH5F + Hg;Cl» 
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(а) When rert-alkyl halides are used in 


Williamson synthesis elimination occurs (b) 
rather than substitution resulting into 

formation of alkene. Here alkoxide ion 

abstracts one of the B-hydrogen atoms 

along with it acting as a nucleophile. 


CH, 
CH30H 


CHi- CI - CHi,- C CH, +CH O wi Pet, 


19. (b) Зіпсе 5,1 re 


20. 


cl 


2-Chloro-2-methylpentane 


H CH, 
| 


C—CH,+ CH,OH + NaBr 


CH,CH,— 
2-Methyl-pent: 


tions involve the formation 

of carbocation as intermediate in the rate 
determining step, more the stability of (4) 
carbocation higher will be the reactivity of 

alkyl halides towards S,.1 route. 

Since stability of carbocations follows 

order. 


CH,- CH,- CH, 
1° carbocation 
<CH, сн —CH,- CH, 21. ® 
27 carbocation 
ө 
<р=н,СО-С,Н,- Сн, 
Max. stable due to +M effect of -OCH, group. 


(а) 


Вг 


ege 


(fails to decolorise the colour of bromine 
due to absence of unsaturation) 


tert-BuONa 


Ces 


(it decolorises 
bromine solution) 


Br 
cr” 


(it decolorises bromine 
solution) 


tert-BuONa 


Br 


(it decolorises bromine 
solution) 

Elimination reaction is highly favoured if 
(a) Bulkier base is used 
(b) Higher temperature is used 
Hence in given reaction biomolecular 
elimination reaction provides major 
product. 


"Bu 


CH, 
% + #-BuOH + Rr 


Haloalkanes апа Haloarenes 


22. 
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(b CH,O- is а strong base and strong 
nucleophile, so favourable condition is 
8,2/Е2. 

The given alkyl halide is 2° and В carbons 
are 4^ and 2°, sosufficiently hindered, thus 
E2 dominates over 5,2. 

Also, polarity of CH,OH (solvent) is not 
as high as H,O, so El is also dominated 
byE2. 


(Major product) 


23. 


© 
(а) (CH,),CCH(OH)CH, 22804 , 
ju 
Сну-О-(-сн, 
CH; 
(b (CH,),CHCH(Br)CH, "50H > 
q 
сн,-С=сн—сн, 


(с) (CHj,CHCH(Br)CH, phor", 


CH, 
CH-CH—CH=CH, 

Due to bulky nature of tertiary butoxide, the 

least hindered hydrogen is eliminated. 

Therefore, Hoffinan product is formed. 

(d) (CHj,C—CH;-CHO > 


он сн, 


CH,-C—CH-CHO 
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and Ethers 


During dehydration of alcohols to alkenes by 

heating with conc. H,SO,, the initiation step is 
[2003] 

(a) formation of carbocation 

(b) elimination of water 

(c) formation ofan ester 

(d) protonation of alcohol molecule 

Among the following compounds which can be 

dehydrated very easily ? 12004] 


CH; 


сн, 
(а) СНуСНь-С-СН,СН, 
| 
он 
он 
(b) CH,CH;CH;CHCH; 
() CH;CH;CH5CH3CH;0H 


(d) CH,CH,CHCH;CH,OH 

Ї 

CH; 
The best reagent to convert pent-3-en-2-ol into 
pent-3-en-2-one is 12005] 
(а) Pyridinium chlorochromate 
(b) Chromic anhydride in glacial acetic acid 
(c) acidic dichromate 
(d) Acidic permanganate 
with chloroform in alkaline 


medium to give the compound A which adds 
hydrogen cyanide to form, the compound В. The 
latter on acidic hydrolysis gives chiral carboxylic 
acid. The structure of the carboxylic acid is 
[2005] 


@ |1 
CH3COOH 


СН,СООН 


e) [| 


CH(OH)COOH 


Хүүг CH(OH)COOH 


он 

НВг reacts with СН, = CH — ОСН, under 
anhydrous conditions at room temperature to 
give 12006] 
(а) BrCH,-CH,-OCH, 

(b) H,C- CHBr-OCH, 

(c) CH,CHO and CH,Br 

(d) BrCH,CHO and CH,OH 

Among the following the one that gives positive 
iodoform test upon reaction with 1, and NaOH 


is [2006] 
CH3 


| 
@) СН,-СНСН,ОН 
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(b) PhCHOHCH, 
(c) CH,CH,CH(OH)CH,CH, 

(d) C,H,CH,CH,OH 

The structure of the compound that gives a 


tribromo derivative on treatment with bromine 


water is 12006] 


CH; CH, 
OH 
(а) (b) 
он 
сн; 


© A @ 
он 


CH,OH 


OH Оза 
8. Cx +CHCI, + wor. 
CHO 


The electrophile involved in the above reaction 
is 12006] 


(а) trichloromethyl anion (@СІ,) 
(b) formylcation (CHO) 

(©) dichloromethyl cation (CHCL) 
(d) dichlorocarbene (: CC1,) 


In the following sequence of reactions, 


снусн;он 0 5А Ма ув 1910 


c H9 ур 


the compound D is [2007] 
(а) propanal (b) butanal 

(c) n-butyl alcohol (4) n-propyl alcohol 
Phenol, when it reacts first with concentrated 
sulphuric acid and then with concentrated nitric 
acid, gives [2008] 
(a) 2.4, 6-trinitrobenzene 

(b) o-nitrophenol 

(c) p-nitrophenol 

(d) nitrobenzene 


1. 


12. 


14. 


15. 


The major product obtained on interaction of 
phenol with sodium hydroxide and carbon 
dioxide is 12009] 
(8) salicylaldehyde (5) salicylic acid 

(с) phthalicacid (d) benzoic acid 

From amongst the following alcohols, the one 
that would react fastest with conc. HCI and 
anhydrous ZnCl, is 12010] 
(а) 2-Butanol 

(b) 2-Methylpropan-2-ol 

(с) 2-Methylpropanol 

(d) 1-Вшапо! 

The main product of the following reaction is 


C&HsCH3CH(OH)CH(CHs ) —°°®Н250з_› у 


12010] 


@ HY н 
но 79 CHCH); 


(b) CHCH e сн, 
но) NC, 


(с) CsHsCH,CH , 


tee CH 
(d CHA, _.-CH(CH,), 
ua Ny 


Consider thiol anion (RS?) and alkoxy anion 


(RO). Which of the following statements is 

correct ? [2011RS] 

(a) RS? is less basic but more nucleophilic 
than RO? 

(b) RS? is more basic and more nucleophilic 
than RO? 

(c) RS? is more basic but less nucleophilic 
than RO? 

(d) RS? is less basic and less nucleophilic 
than RO? 

The correct order of acid strength of the 

following compounds : 1201185] 

(A) Phenol (B) p-Cresol 

(С) m-Nitrophenol (D) p-Nitrophenol 

(a) D>C>A>B (b B>D>A>C 

(c) A>B>D>C (d) C>B>A>D 


c-146 
16. 


17, 


18. 


20. 
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Consider the following reaction : 

C,H,OH-- H,80, —> Product 

Among the following, which one cannot be 

formed as a product under any conditions ? 
[2011RS] 

(а) Ethylene (b) Acetylene 

(c) Diethyl ether (4) Ethylhydrogensulphate 

Arrange the following compounds in order of 

decreasing acidity : 12013] 


OH OH OH OH 
cl CH, NO, OCH, 
o an am av) 
(а) П>їу>1>Ш (b) 12 »Ш1У 
© Ш>1>П>1У (d) ТУ>Ш>1>П 
An unknown alochol is treated with the "Luc 
reagent" to determine whether the alcohol is 
primary, secondary or tertiary. Which alcohol 
reacts fastest and by what mechanism : [2013] 
(à) secondary alcohol by 8,1 
(b) tertiary alcohol Бу 5,1 
(c) secondary alcohol Бу 8,2. 
(d) tertiary alcohol by 8,2 
The most suitable reagent for the conversion 
of R-CH;-OH—R-CHO is [2014] 
(à Кмпо, 
(b K,Cr,0, 
(c) CrO, 
(d) PCC (Pyridinium chlorochromate) 
Sodium phenoxide when heated with CO, under 
pressure at 125 "C yields a product which on 
acetylation produces C [2014] 


ONa upa " 
+CO, ———-) B— ———C 
27У Аш А0 


The major product C would be 
OCOCH, 


СООН 


21. 


сосн, 
H 
'OOCH; 
(c) 
СОСН, 
4 
e оон 


Phenol on treatment with СО, іп the presence 
of NaOH followed by acidification produces 
compound X as the major product. X on 
treatment with (СН,СО),О in the presence of 
catalytic amount of H,SO, produces : 


[2018] 
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23. 
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Phenol reacts with methyl chloroformate in the 
presence of NaOH to form product A. A reacts 
with Br, to form product B. A and B are 
respectively : 12018] 


Н 


@) 
g 


OCH, and 


УрО ON 
ы Су 
О 0. 
Ee 
о 
Br 
уо ашы 
"eu СӨ 
о 20 
САР” 
вг 


pu 
(d) X аа ond 
o 
он 
CX OCH, 
v 


Br 


The major product formed in the following 
reaction is : [2018] 


24. 


25. 


> 
o LL, 


88 


© 
= 


The major product of the following reaction is: 


12019] 
ву 
p 
(ii) EtOH 
OEt 
; p 
(a 
Fw 
ОЕ! 
P ч 
(5) | 
bo x 
r 
p ОЕ: 
[3] 
Et ЭЭ 227 
Et 
P OEt 
(d) 
A 


1-methyl ethylene oxide when treated with an 
excess of HBr produces: 12020] 


Br 


@ == 
® в" 


() Вг “СНз 
Bi 
o —— 
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(d) 


Ху 
7 


cc Solutions 


1. (d) Thedehydration ofalcohol to form alkene 
occurs in following three steps. Step (1) is 
initiation step. 


OH 
| 
@ Сн;-Сн-Сн=Сн-Сн; —> 


Step (1) Formation of protonated alcohol. 


о 
Ї 
ZW CH; -C-CH = CH-CH; 
CHCH; -H + H == CH,CH.— 0 
(roomtd " Н Pyridinium chlorochromate (PCC) oxidises 
ш 1° and 2° alcholos to aldehydes and ketones. 
Step (2) Formation of carbocation cu 
А 
ГА. VH a p NaOH 
cuch òl p S cm-cm mo * © ann Reaction) 
Ethyl carbocation 
Step (3)Elimination of a proton to form 
alkene 
сњ Cn, 
иса d ы. 
H CH; Сн, === e BN Z^ zi 
р) od 
1 | “СМ 
2. (а) 3-Methyl pentan-3-ol will be dehydrated OH H он H 
most readily since it produces a very stable, Cyanohydrin 
tertiary, carbonium ion as intermediate. CH; 
ae ШОН 
сн,-сн,-С -CH; -CH, CH(OH) COOH 
| 
он он 
(b) Methyl vinyl ether under anhydrous 
CH; condition at room temperature undergoes 


cry -c-e он, -cH addition reaction. 
а єн,-сн-осн; —" CH; -CH-0-CH; 


Br 


ter-Carbocation 
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6. (0) Ethanol and only those 2? alcohols which 
contain - CHOHCH, group undergo 
haloform reaction. 

7. (c) In (c) both groups are activativating and 


undergo electrophilic substitution in the 


same positions. 
OH OH 
С), Br Br 
a, 
сн, сн, 
B 
This is Riemer-Tiemann reaction and the 


8. (d 
electrophile is dichlorocarbene. 
cl 


| 
н fe ТО мон 


ETE 
(a-elimination) 


ч CI- C- CI+ NaCl + H,O 
dichlorocarbene 
9. () CH;CH,OH—?*2 CHCH] 
(A) 
—M= CHCH Mg HO, 
(B) 
ee CH,CH; 
L 7 | 
-OMgl 120 5 н-С-0Н 
| 
H H 
(С) (D) 
n-Propylalcohol 
10. (b) Phenol on reaction with conc. H,SO, gives 


a mixture of o- and p- products (ie. -SO,H 
group occupies o-, p- position). At room 
temperature, o-product is more stable, 
which on treatment with conc. НМО, will 
yield o-nitrophenol. 

OH 


Conc. H580. 


OH 


5 HE © 
зол 


п. 


12. 


13. 


он 
ЗОН 
o-nitrophenol 


„Сесе 


(b) Tertiary alcohols react fastest with conc. 
HCl and anhydrous ZnCl, (Lucas reagent) 
as its mechanism proceeds through the 
formation of stable tertiary carbocation. 
Mechanism: 


Non y 
CO; 


CH, 
BH, — C —on HCL, 
Ї 
сн, 


2 Methylpropane-2-ol 


Stepl: 


== (CH;);C— OH) «cr 
Step 2: 


(CHy);C -OH) == (CH;)3C* +H,0 

3° Carbocation 
Step 3: 

(СНууС +C ==*(CH,),C-Cl 
t-Butylchloride. 

(a) Whenever dehydration can produce two 
different alkenes, major product is formed 
according to Saytzeff rule i.e, more 
substituted alkene (alkene having lesser 
number of hydrogen atoms on the two 
doubly bonded carbon atoms) is the major 
product. 

Such reactions which can produce two 
ormore structural isomers but one of them 
in greater amounts than the other are 
called regioselective ; in case a reaction 
is 100% regioselective, it is termed as 
regiospecific. 

In addition to being regioselective, alcohol 
dehydration are stereoselective (a 
reaction in which a single starting 
material can yield two or more 
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stereoisomeric products, but gives one of 16. (b) 
them in greater amount than any other). 35K oH, = CH, 
сн; - CH; — CH- CH сн, — Cone Has. сң,-он | цас ethylene. 
11 + -ЕФ®—эсн,-сн,-О-Сн,-Сн; 
OH CH, H,S0, diethyl ether 
383K 
H H H CH(CH,), EA > CH;CH,HSO,+H,0 
Ne = cf Р c= cá E ethyl hydrogen sulphate. 
ceu “енн, сн? “н Acetylene is not formed under any 
GST цавыг” condition, 
(minor) (major) 17. (c) Electron withdrawing substituents like 
14. (a) On moving down a group, the basicity & №0), CI increase the acidity of phenol 
nucleophilicity are inversely related, i.e. while electron releasing substituents like 
nucleophilicity increases while basicity CH, - ОО Не acidity. hence the 
p» puro en ini correct order of acidity will be 
lecreases. ie is р du Bi ан UH 
but less basic than. RO® This opposite 
behaviour is because of the fact that ч х s 
basicity and nucleophilicity depends upon 
different factors. Basicity is directly related 
to the strength of the H-element bond, NO, cl CH; OCH; 
while nucleophilicity is indirectly related ш I п 1v 
to the electronegativity of the atom to (м, -1) (C17 *M) (+I, *HC) CM) 


which proton is attached. 


OH OH OH 
“OQQA 
NO, 
CH, 


+ effect -I effect 
(A) (B) (С) 
OH 
NO, 
M, - I effect. 
(D) 


Electron withdrawing substituents increase 
the acidity of phenols; while electron 
releasing substituents decrease acidity. 
Thus the correct order is 

D>C>A>B 


18. (b) Reaction of alcohols with Lucas reagent 
proceeds through carbocation formation. 
Further 3? carbocations (from tertiary 
alcohols) are highly stable thus reaction 
proceeds through S,,1 mechanism, 


19. (d) An excellent reagent for oxidation of 


1? alcohols to aldehydes is PCC (consult 
Q3also). 


R-CH; -он —" ›к-сно 


125°С 


ONa 
Л Миы 
2° $Am 


Sodium Phenoxide 


OH А он 
" 
ы COONa CX COOH 


Salicyelic acid 


бүрэн 
соон 


20. (а) 


(CH3CO),0. 
-СНуСООН 
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24. (à) Mechanism involved for the given reaction 
OH OH is: 
COOH 
21. (а) EiQH 
(X) 
(Major) Br—Br e 
if 
bo — 
COOH 
| ОЕ! 
Acetyl salicylic acid 
^ (Aspirin) Br 
OH о A 9 (major product) 
Е СІ ;— 0— CH, 
22. (с) он 
© © ын | CH; CH; 
o 4 
il iè н,с—сн—##'э›н,с——Сн > 
о—с—о—сн,—°› Ww " 
9 9 
б 1-Methylethylene oxide 1 
! CH 
бу ос 9н Pas Br 
©н—Сн 18: 
n =] 
Br 
Br 
(B) 
23. @ 
HVA ги 
Ea (СН) 
o НУ 
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Aldehydes, Ketones 
and Carboxylic Acids: 


ale. KOH 


CH,CH,COOH—SB_, AKON yp, 


What is B? [2002] 
(а) CH,CH,COCI 

(b) CH,CH,CHO 

(c) CH;-CHCOOH 

(d) CICH,CH,COOH. 

On vigorous oxidation by permanganate 
solution. 


(CH),C-CH-CH,-CHOgivs | [2002] 
онон 
(а) СН,-С-СН-СН,СНО 
| 
CH, 
(b) (CH,),C=0 +HOOCCH,COOH 
CHA, 
© с=о + OHCCH,COOH 
сн; 
CH 
(ду С=О + OHCCH,CHO 
cH 
Picricacid is: 12002] 
соон 
@) 
NO; 
COOH 
(b) 
он 


22 


он 
ON NO, 
(с) 
NO, 
COOH 
(d) 
NH, 


When CH, = CH — COOH is reduced with 
LiAIH,, the compound obtained will be 

[2003] 
(а) CH,=CH—CH,OH 
(b) CH,— CH,— CH,OH 
(c) CH,—CH,— CHO 
(d) CH,— CH, — COOH 
On mixing ethyl acetate with aqueous sodium 
chloride, the composition of the resultant 
solution is 12004] 
(а) CH,COCH-C,H,OH + NaOH 
(b) CH,COONa- C,H,OH 
(c) CH,COOC,H, + NaCl 
(d) CH,Cl+C,H,COONa 
Acetyl bromide reacts with excess of CH,Mgl 
followed by treatment with a saturated solution 
of NH,CI gives 12004] 
(а) 2-methyl-2-propanol 
(b) acetamide 
(c) acetone 
(d) acetyl iodide 


Ч. 


12. 


Which опе of the following is reduced with zinc 
analgum and hydrochloric acid to give the 
corresponding hydrocarbon? 12004] 
(a) Acetamide (b) Acetic acid 

(c) Ethylacetate (d) Butan-2-one 

Which one ofthe following undergoes reaction 
with 50% sodium hydroxide solution to give the 
corresponding alcohol and acid? 12004] 
(а) Butanal (b) Benzaldehyde 

(c) Phenol (d) Benzoicacid 
Among the following acids which has the lowest. 
pK, value? 12005] 
(à) CH4CH5COOH 


(b) (СНз): СНСООН 

(c) HCOOH 

(d CH,COOH 

Reaction of cyclohexanone with dimethylamine 
in the presence of catalytic amount of an acid 
forms a compound if water during the reaction 
is continuously removed. The compound formed 
is generally known as 12005] 
(а) anamine (b) апітіпе 

(c) anenamine (d) a Schiff's base 

The increasing order ofthe rate of HCN addition 
to compound A to D is [2006] 
(A) HCHO (B) CH,COCH, 

(C) PhCOCH, (D) PhCOPh 

(à D«C«B«A (b C<D<B<A 

(с) A<B<C<D (d) D<B<C<A 

The correct order of increasing acid strength of 


the compounds [2006] 
(A) СИСОН (В) McOCH,CO,H 
© CECOH | (D Mes co 
ме 
is 
(a) D<A<B<C (b A<D<B<C 


() B<D<A<C (d D<A<C<B 
A liquid was mixed with ethanol and a drop of 
concentrated H,SO, was added. A compound 
with a fruity smell was formed. The liquid was : 

12009] 
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16. 


17. 


18. 


(а) HCHO (b) CH,COCH, 
(©) CH,COOH (d) CHjOH 
Which of the following on heating with aqueous 


КОН, produces acetaldehyde? 12009] 
(а) CH,CH,CI (b) CH.CICHCI 
(c) CH,CHCL (d) CH,COCI 


In Cannizzaro reaction given below 


2PhCHO — 2 PhCH OH + PhCO3 

the slowest step is : [2009] 

(а) the transfer of hydride to the carbonyl 
group 

(b) the abstraction of proton from 
carboxylic group 

(с) the deprotonation of Ph СН,ОН 

(d) the attack of: OH at the carboxyl group 

lodoform can be prepared from all except: [2012] 

(a) Ethyl methyl ketone 

(b) Isopropyl alcohol 

(c) 3-Methyl 2-butanone 

(d) Isobutyl alcohol 

In the given transformation, which of the 

following is the most appropriate reagent ? 

12012] 


CH=CH — СОСН; 
O = 


CH— CH;— CH, 


the 


HO 


(8) МНН, OH (b) Zn- НЕНСІ 

(c) Na,LiqNH, (d) NaBH, 

An organic compound A upon reacting with NH, 

gives B. On heating B gives C. C in presence of 

KOH reacts with Br, to give СН,СН,МН, Ais : 
12013] 

(а) CH,COOH 

(b) CH,CH,CH,COOH 


(с) CH3- CH -COOH 
| 
CH3 

(d) CH,CH,COOH 
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19. Inthe reaction, oH 
CH4COOH HA, A 
PCs увс AleKOH jc (b) CHO 
the product C is: [2014] : 
(а) Acetaldehyde CHO 
(b) Acetylene 
(с) Ethylene 
(d) Acetyl chloride © ‘CHO 
20. The correct sequence of reagents for the ЗЕН 
following conversion will be: 12017] 
о 
HO. CH, ” тай 
—3 
спо 
но CH, 
CHO CH, 23. The correct decreasing order for acid strength 
(а) [Ag(NH,),] OH, H'/CH,OH, CH, MeBr ч 12019] 
Ый : (а) NO,CH,COOH- FCH,COOH> 
(b) CH,MgBr, H'/CH,OH, [Ag(NH,),] OH СМСН,СООН» CICH,COOH 
(c) CH,MeBr. ГАв(МН,) ЈОН”, H*/CH,OH (5) ЕСН,СООН» СМСН,СООН» 
(d) [Ag(NH,),] ОН”, CH,MgBr, H*/CH,OH NO,CH,COOH > CICH,COOH 
21. Sodium salt of an organic acid 'X' produces (c) CNCH,COOH- NO,CH,COOH 
effervescence with conc. H,SO,,. 'X' reacts with ЕСН,СООН» СЇСН,СООН 
the acidified aqueous CaCl, solution to give a (d) NO,CH,COOH>CNCH,COOH> 
white precipitate which decolourises acidic s DOS CIC 
solution of KMnO, 'X' is : [2017] | FOE COOH CICH COOH 
€ сно сна 24. The major product of following reaction is: 
2s (i) AIH (Bu) 
(c) СН,СООМа (d) Ма,С,0, R-C=N НО 12019] 
22. The major product obtained in the following @) RCOOH (b) RCONH, 
reaction is : 12017] (©) RCHO (d) RCHNH, 
o 25. The major product of the following reaction is: 
12019] 
DIBAL- H 
Br (1)KOH (aqueous) 
сон Ee Daon 
OH (3) H9SO4/A 
(a) CHO 


Br 


Aldehydes, Ketones and Cora C. 


26. 


27. 
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Оо (b) СН,СН-СНСН,ОН 
(b) (c) СН,СН,СН,СН,ОН 
Br 


(d) CH,CH,CH,CHO 


о: 28. Themajor product of the following reaction is: 
(c) 12019] 
НО 


MESSEN 
о KOH kj" 
(d) 
но: 
The major product of the following reaction is: pu » (Уа 1 
12019] 


COOH CH,CHO 29. Whatis the product of following reaction? 
2 G) NaBH, 
оно ® Hex-ynsl 75 PBr, (ili) Mg/ether (iv) СО;/Н;О* 
12020] 
CH,COOH COCH; 
? 3 @ \~_~_-cooH 
(o) (d) ® e Pe wai 
The major product of the following reaction is: © 2 -c00H 
CH,CH-CHCO,CH, “4+, 12019] "EN Я 
— «соон 


(а) CH,CH,CH,CO,CH, 


шш 
ЭШ E 4 10 | 11 [ 12 | 13 | 14 | 15 
18 19 20 A 25 26 27 
€) | @ 
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Lo © 
2 b 
з. © 
4 @) 
5 © 
6. @ 
7. @ 
& b 


cC 


Solutions 


Chemistry 


2) 


Ch 
CH,CH,COOH — тр? СН,СНОСООН 


"к0н сн, - CHCOOH 
-HCI Acrylic acid 


Double bond is leaved and oxidised to 
СООН, -CHO is also oxidised to -COOH 
(СН),С-СНСН,СНО... КМО, , 
(CH,), CO + HOOCCH, COOH 
2,4,6-Trinitrophenol is also known as picric 
acid. 


LiAIH, can reduce COOH group but not 
the double bond. 


сн, = CH- Coon HAH, 
CH, = CH- CH;OH 


There is no reaction hence the resultant. 
mixture contains CH, COOC;H, + NaCl. 


1 

| * 

-C ()2CH Mel 

CH - C- Br увасаб ан 
qh 

H,- C -OH 

I 
сн, 


2-Methyl-2-propanol 


Itis Clemmensen's reduction 


o 
\ 
CH; -C- CH; - CH, 
Butane-2-one 


Zn-Hg 
Conc HCL 


» 


CH,CH, - CH,CH, 

Butane 
This reaction is known as cannizzaro's 
reaction. In this reaction benzaldehyde in 
presence of 50%, NaOH undergoes 
disproportionation reaction and form one 
mol of benzyl alcohol (reduced product) 
and one mole of sod. benzoate (oxidation 
product) 


CHO СН,ОН 
CY 50% NaOH Cr 
= 
СОО” Ма” 
26. 


9. (с) pK, = -log К; HCOOH is the strongest 
acid and hence it has the highest K, or 
lowest pK, value. 


10. © AR O +HN(CH;)) —— 
OH 388 
(Умен, —— C N(CH,), 


enamine 


п. @ B NOTE Addition of HCN to carbonyl 
compounds is nucleophilic addition 
reaction. The order of reactivity of carbonyl 
compounds is 
Aldehydes (smaller to higher) > Ketones 
(smaller to higher). Therefore, 
HCHO > CH,COCH,> PhCOCH, 
> PhCOPh 
Ё MOTE The lower reactivity of ketones is 
due to presence of two alkyl group which 
show +I effect. The reactivity of ketones 
decreases as the size of alkyl group increases. 
The correct order of increasing acid 
strength is 
(Me),CHCOOH<CH,COOH< 
MeOCH,COOH< CF,COOH 
ЦЕ MOTE Electron withdrawing groups 
increase the acid strength whereas electron 
donating groups decrease the acid 
strength.] 
Fruity smell is due to ester formation which 
is formed between ethanol and acid. 
CH,COOH--C,H,OH 6°" 12504 
CH,COOC,H, + H,0 


13. © 


Aldehydes, Ketones and Carboxylic Р: 


14. 


16. 


(e) 


@) 


[2] 


@ 


снуснс1› —2®КОН „сн,сн(он)› 


2100 ,снусно 


о 


| : 
Ph-C -H « og- = 


O 
9 "T 


Рь-ССШ -> 


Биг | 
Lose Ph-C + Ph- CH 


Oo. H 


lodoform test is given by methyl ketones, 
acetaldehyde and methyl secondary 
alcohols. 

Isobutyl alcohol is a primary alcohol except. 
ethanol, С.Н,ОН, primary alcohols do not 
give haloform test. 

Hence does not give positive iodoform test, 


H,;—CH—CH, —OH 


CH; 
Aldehydes and ketones can be reduced to 
hydrocarbons by the action (i) of 
amalgamated zinc and concentrated 
hydrochloric acid (Clemmenson reduction), 
or (ii) of hydrazine (NH,NH,) and a strong 
base like NaOH, KOH or potassium tert- 
butoxide in a high-boiling alcohol like 
ethylene glycol or triethylene glycol (Wolf- 
Kishner reduction) -ОН group is acid- 
sensitive, so Clemmenson reduction can 
not be used. 


CHCHNH, 
Reaction (III) is a Hofmann bromamide 
reaction. Hence, C should be 
СН,СН,СОМН, which can be obtained 
from CH,CH,COO NH; (B). 
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Thus (A) should be CH,CH,COOH 
NH3 


CH5CH; -COOH — 5, CH,CH;COO- NH} 


19. 


20. 


21. 


22. 


(A) (B) 


—5 5 CH,CH;CONH; — а  CHSCH;NH; 


© 


@) 


Ф 


b) 


(c) 


CH,COOH— As 5 сн,снуон 
ЧА) 


PCI. 
сносна 9 2 


(2 
CH COH 


AR(NH3);JOH у 
“Tollens reagent” 


(9) 
нҥ'/сн;он 
——À— 
(esterification) 
o^ ocu. 
HO, CH; 
CH,MeBr 
=y 
нус—с—Сн, 
он 


Na,C,O, * HjSO, > Ма„5О,+СО? 
* (сопс.) 
*CO,T - HO 
О, +CaCl, > CaC;O 4 +2NaCl 
(white ppt.) 
5CaC,O, + 2KMn0, - 8H; 80, 
(purple) 
K,S0,+5CaSO,+2MnSO, + 10CO, 


(colourless) 


Na,C. 


зно 
DIBAL-H is a reducing agent. It reduces 
both ester and carboxylic group into an 
aldehyde at low temperature. 
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o 
[o OH 
- 
сон ‘CHO 


(d) The acidic strength of a compound or an 
acid depends on the inductive effect (1). 
Higher the (-1) effect of a substituent 
higher will be acidic strength. Now, the 
decreasing order of (-1) effect of the given 
substituents is NO, >CN>F>Cl. 


1. The correct decreasing order of acidic 
strength amongst the given carboxylic 
acids is: 


NO,CH,COOH > CNCH,COOH 
> FCH,COOH> CICH,COOH 


(i) AIHG-Bu); 


© R—C—N— po RCO 


The reduction of nitriles to aldehydes сап 
be done using DIBAL-H[AIHG-Bu);]. 

(а) For the given reaction condition, the major 
product is: 


Br он 
аа, КОН стун 
aa 
Br 
Ow o 
OH 
H504 
a 


Br 


Chemistry 


26. (a) Alkaline KMnO, converts (Oye with 


a benzylic hydrogen into benzoic acid. 
CH,CH, 


Qe Qi 


27. (b) LiAIH, reduces esters to alcohols but does 
notreduceC =C. 


(i) alkaline KMnO4 
но 7 


CH,CH= CH- CO, Me HAMS, 


CH,CH- CHCH,OH 
28. (9 


OH 
СУОХ Эс: 
О 


more stable due. 
to conjugation 


29. (d) 
= CHO NaBH, = 
„ые С" 
Hex-3-ynal OH 
22 - 
шил лэ 
Br 
= 
Мавг 
со, 
„мм. а= „мм. ^p 
COOH 
о, 
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Amines 


When a primary amine reacts with chloroform in 
ethanolic КОН then theproductis [2002] 
cyanide (b) an aldehyde 


(d) analcohol 
The reaction of chloroform with alcoholic KOH 
and p-toluidine forms 12003] 
(a) me yena 

(b) нс-( У-мсна, 

© нс-С onc 

(d) ne yon 


The correct order of increasing basic nature for 

the bases NH,, CH,NH, and (CH,),NH is 
12003] 

(а) (CH,),NH<NH,<CH,NH, 

(b) NH,« CH,NH, <(CH,),NH 

(с) CH,NH, <(CH,),NH<NH, 

(d) CH,NH, «NH, < (CH.),NH 

Ethyl isocyanide on hydrolysis in acidic medium 

generates [2003] 

(а) propanoic acid and ammonium salt 

(b) ethanoic acid and ammonium salt 

(c) methylamine salt and ethanoic acid 

(d) ethylamine salt and methanoic acid 

Which one of the following methods is neither 

meant for the synthesis nor for separation of 

amines? [2005] 

(8) Curtius reaction 

(b) Wurtzreaction 


(©) Hofmann method 


(d) Hinsberg method 


Amongst the following the most basic 
compound is [2005] 


(а) p-ritroaniline (b) acetanilide 
(с) aniline (d) benzylamine 
Which one of the following is the strongest 
base in aqueous solution ? 12007] 
(8) Methylamine 

(b) Trimethylamine 

(c) Aniline 

(d) Dimethylamine 

In the chemical reaction, 

CH,CH,NH, + CHCI, + 3KOH —> 

(A) + (B) + ЗН,0, the compounds (A) and (B) 
are respectively 12007] 
(а) C,H.NC and 3KCI 

(b) C,H.CNand3KCI 

(с) CH,CH,CONH, and 3KCI 

(d) C,H,NCand K,CO,. 

In the chemical reactions, 


NH, 


NaNO; 
НСІ, 278 К 


(i) HBF 


A~ (iy heat 


B 


the compounds ‘A’ and “В” respectively are 
12010] 

(8) nitrobenzene and fluorobenzene 

(b) phenoland benzene 


(c) benzene diazonium chloride and 
fluorobenzene 


(d) nitrobenzene and chlorobenzene 
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10. Inthechemical reactions : [20116] сн, 
ин; COOH QO 
аси AE, B (c) (d) 
the compounds A and B respectively are : бн, Q 


12. 


13. 


14. 


(8) Benzene diazonium chloride and 
benzonitrile 

(b) Nitrobenzene and chlorobenzene 

(c) Phenoland bromobenzene 

(d) Fluorobenzene and phenol 

А compound with molecular mass 180 is acylated 

with CH,COCI to get a compound with molecular 

mass 390, The number of amino groups present 

per molecule of the former compound is : 
12013] 

(a) 2 (5) 5 

(c) 4 (d) 6 

On heating an aliphatic primary amine with 

chloroform and ethanolic potassium hydroxide, 

theorganic compound formed is: [2014] 

(а) analkanol | (b) analkanediol 

(c) analkylcyanide(d) an alkyl isocyanide 

Considering the basic strength of amines in 

aqueous solution, which one has the smallest 


pK, value? 12014] 
(а) (CH)NH | (b СНАН, 
(©) (CH)N (d) CH,NH, 
In the reaction [2015] 
NH, 
NaNOj/HCl , py — CuCN/KCN 
0-5 *C А 
CH, E+N, 
the product E is : 
CN CH, 
(a) (5) 


CH, 


17, 


CH, 
In the Hofmann bromamide degradation 
reaction, the number of moles of NaOH and Вг, 


used per mole of amine produced are : 
[2016] 


(а) Twomoles of NaOH and two moles of Br... 
(b) Four moles of NaOH and one mole of Br... 
(©) One mole of NaOH and one mole of Bry. 

(d) Four moles of NaOH and two moles of Br. 


Which of the following compounds will form 
significant amount of meta product during mono- 


nitration reaction ? 12017] 
он OCOCH, 
" e " e 
NHCOCH, 


NH, 
eO е 


The increasing order of basicity of the following 
compounds is [2018] 


Q 22У 
[X 
NH, 

@ „А 

‘NH 
Gv) = “мнен, 
(а) ()«(i) «(ii) « (v) 
(b) (i) )« ii) « (iv) 
(c) Gi) () « v) « (ii) 
(d) (v) (ii) <(i)< (iii) 


Amines 


18. 


19. 


20. 
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Arrange the following amines in the decreasing 
order of basicity : [2019] 


н H 
1 п ш 

(а) 1-1-Ш (b) ш>ї>п 

© Hr (d) rmn 

The compounds A and B in the following 


reaction are, respectively: 12019] 


HCHO + НСІ AgCN 
MED 


(а) А = Benzyl alcohol, В = Benzyl cyanide 
(b) А = Benzyl chloride, В = Benzyl cyanide 

(c) А = Benzyl alcohol, B = Benzyl isocyanide 
(d) A=Benzyl chloride, B= Benzyl isocyanide 
Aniline dissolved in dilute НСІ is reacted with 
sodium nitrate at 0°C. This solution was added 
dropwise to a solution containing equimolar 


mixture ofaniline and phenol in dil, НСІ. The 
structure of the major product is: 12019] 


Qo 


(d) CERRI 


21. The increasing order of pK, for the following 


compounds will be: [2020] 
М 
NH,-CH-NH, "M ONH, снумнсн, 
(A) (С) 
(в) 
(а) (В)<(С)<(А) (b (A)<(B)<(C) 
(с) (С)<(А)<(В) (d) (В)<(А)<(С) 


Answer Key 


c-162 


1. 


3: 
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2) 


(à) C,H,NH,- CHCI,-3KOH 


э C HN =®С+3кс1+3нс1 
(Ethyl isocyanide) 


NH, 
© + CHCI,+ 3KOH — 
Н; 
T мес 
+ 3KC1+3H,0 
CH, 


(b) The alkyl groups are electron releasing 
(+ 1) groups, thus increase the electron 
density around the nitrogen thereby 
increasing the availability of the lone pair 
of electrons to proton or Lewis acid and 
making the amine more basic. Hence more 
the number of alkyl groups, more basic is 
theamine. Therefore, the correct order is 

NH, <CH,NH, <(CH,);NH 

(d) Ethyl isocyanide on hydrolysis form 

primary amines. 


CH;CH;N 5C H50— 
CH,CH,NH, + HCOOH 
(b) Wurtz reaction is used for the preparation 
of hydrocarbons from alkyl halides. 
RX+2Na+ XR ——> К-К-2МаХ 


CHIN 
(d) Benzylamine Cr 


basic. In others the basic character is 
suppressed due to resonance (see 
applications of resonance). 


is most 


4) Ё NOTE Aromaticamines (c.g. aniline) are 


less basic than aliphatic amines due to 
delocalisation of electrons. Among aliphatic 


amines the order of basicity in aq. solution 
is 2° > 1° > 3°, The electron density is 
decreased in 3° amine due to crowding of 
alkyl group over N atom which makes the 
approach and bonding by a proton 
relatively difficult, Therefore the basicity 
decreases, 
^. The correct order of basic strength is 

Dimethylamine- Methyl amine>Trimethyl 


amine> Aniline. 
8. (а) Thisiscarbylamine reaction. 
CH,CH,NH, - CHCI,--3KOH 

—Ó CHNC +3KCI +3H,0 

9 (© Ами, + NaNO, + 2Hx — 


ў" Aromatic amine 

Ar—Nz NX + NaX + 29,0 

Arene diazonium salt 

The diazonium group can be replaced by 
fluorine by treating the diazonium salt with 
fluoroboric acid (HBF,). The precipitated 
diazonium fluoroborate is isolated, dried 
and heated until decomposition occurs to 
yield the aryl fluoride. This reaction is 
known as Balz-Schiemann reaction. 


Arny x BEL arn, 'BE, р 


heat 


1995 Ar EBEN, 
NH, Nicr 
10. (а) ло; , сасм 
—неготвк > 278K (Sandmayer 
Diazotization reaction) 
Benzene 
diazonium chloride 
А 
CEN e 
велне 
(в) 
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о 
1 
+CH; - C- 


Шинэ 


Now since the molecular mass increases 
by 42 unit asa result ofthe reaction of one 
mole of CH,COCI with one-NH, group and 
the given increase in mass is (390 — 180) 
210. Hence the number of — NH, groups 
721042 - 5. 

R- CH,- NH, + CHCI, + 3KOH (alc) 


(Сању! amine 


reaction) y R-CH,-NC+3KC1+3H,0 
Alkyl isocyanide 
Р 
NH, меха 
NaNO,/HC 
0 
CH, CH, 
CN (D) 
CuCN/KCN 
D 
CH, 
(E) 


RCONH, + Br, +4NaOH —— 

R-NH, + K,CO, +2NaBr+2H,0 
Nitration takes place in presence of conc. 
HNO, + conc. H,SO,. 

In strongly acidic medium, amine is 
converted into anilinium ion (- NH); 
substitution is thus controlled not by 
NH, group but by -NH; group which, 
because of its positive charge, directs the 


entering group to the meta-position instead. 
of ortho- and para. 


NH, NH, 
Conc. HNO; 
Cone. Hj80, 
-Nligp : -NHigp: 
o, p-ditecting directing 


монь певні тэ 
(1* und sp) 

' 
ANA" нош, „ „МН; 


(sp?) 


NH, 62 
A Protonation pa 
SNH 


NH, 


[Equivalent resonance] 

7^7 NBCH, Protonation: 

2° and sp’) * 

i «Хун, CH, 

Hence, correct order of basicity will be : 

00-10) < (v) « Gi). 

Compound, Ш C is most basic as the 
N 


| 
H 


lone pair of nitrogen is easily available for 


the donation. 
e lone pair is 


not involved in resonan 


In case of compound (I 


* but nitrogen 
atom is sp? hybridised whereas in 
compound II the lone pair of nitrogen is 
involved in aromaticity which makes it 
least basic. 
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Chemistry 


19. @ 


AgCN 
*HCHO + HCl ——> —_ 


Benzyl chloride 
(A) 


CH; - NC 


Benzyl isocyanide 


(в) 
Mechanism: 


CH;—0*H* ——29 CH,—Ó-H 


In acidic medium aniline is more reactivethan 
phenol that's why electrophilic aromatic 


substitution of PhN; takes place with 


aniline. 


Conjugate acid of guanadine(B) is 
resonance stabilised and have 2 
resonance structure. 

Similarly conjugate acid of (A) is also 
resonance stabilised and have one 
resonance structure. (C) does not exhibit 
resonance structure. 

therefore the basic order is, 

Ку (B) (A) (C) 


= pk: (B) <(А) < (С) 
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28) 


RNA is different from DNA because RNA 
contains [2002] 
(a) ribose sugar and thymine 

(b) ribose sugar and uracil 

(c) deoxyribose sugar and thymine 

(d) deoxyribose sugar and uracil. 

Complete hydrolysis of cellulose gives [2003] 
(8) D-ribose (b) D-glucose 

(c) L-glucose (d) D-fructose 

The reason for double helical structure of DNA 
is operation of [2003] 
(a) dipole-dipole interaction 

(b) hydrogen bonding 

(c) electrostatic attractions 

(d) van der Waals' forces 

Which base is present in RNA but notin DNA ? 
(a) Guanine (b) Cytosine [2004] 
(c) Uracil (d) Thymine 

Insulin production and its action in human hody 
are responsible for the level of diabetes. This 
compound belongs to which of the following 
categories ? 12004] 
(a) Anenzyme | (b) A hormone 

(c) Aco-enzyme (d) An antibiotic 
Which of the following is a polyamide? [2005] 
(a) Bakelite (b) Terylene 

(с) Nylon-66 (d) Teflon 

In both DNA and RNA, heterocyclic base and 


phosphate ester linkages are at — 12005] 

(а) Cs апа Су respectively of the sugar 
molecule 

(b) Cj and C; respectively of the sugar 
molecule 

(с) Cy and C, respectively of the sugar 


molecule ` 


10. 


п. 


12. 


3 


(d) Cj апа Су respectively of the sugar 
molecule 

The term anomers of glucose refers to 

(a) enantiomers of glucose 

(b) isomers of glucose that differ in 
configuration at carbon one (C-1) 

(c) isomers of glucose that differ in 
configurations at carbons one and four 
(C-landC-4) 

(d) amixture of (D)-glucose and (L)-glucose 

The pyrimidine bases present in DNA are [2006] 

(a) cytosine and thymine 

(b) cytosine and uracil 

(c) cytosine and adenine 

(d) cytosine and guanine 

The secondary structure of a protein refers to 

12007] 

(a) fixed configuration of the polypeptide 
backbone 

(b) a-helical backbone 

(c) hydrophobic interactions 

(d) sequence of a amino acids. 

o.- D-(+)-glucose and B-D-(+)-glucose are [2008] 

(a) conformers (b) epimers 

(c) anomers (d) enatiomers 

The two functional groups present in a typical 

carbohydrate are: 12009] 

(а) -CHOand-COOH 

(b) »C-Oand-OH 

(с) -OHand-CHO 

(d) -OHand- COOH 

Biuret test is not given by 

(а) carbohydrates (b) polypeptides 

(c) urea (d) proteins 


[2006] 


12010] 


WWW.JEEBOOKS.IN 


с-166 Chemistry 
14. Which of the following compounds can be + , 
detected by Molisch's nuc a [2012] НОН,С „б, CH,OH 
(8) Nitro compounds © 
(b) Sugars HOCH, 
(c) Amines Ux 
(d) Primary alcohols 
15. Which one of the following statements is HOH,C 
correct? [2012] о CH,OCH, 
(а) Allaminoacidsexcept lysine are optically (d) OH 
active in 
(b) Allamino acids are optically active OH 
(с). Allamino acids except glycine are optically 21, Glucose on prolonged heating with HI gives : 
active 12018] 
(d) All amino acids except glutamic acids are (8) mHexane 
optically active (b) 1-Hexene 
16. Synthesis of cach molecule of glucose in (9, Н ою а 
photosynthesis involves : [2013] (d) lodchexanal 
a oe 22, The increasing order of pKa of the following 
ich ийаш ОРАТЬ amino acids in aqueous solution is: 
(d) 6 molecules of ATP ни 
17. Whichone ofthe following bases is not present Gly Asp Lys Arg 
inDNA? 12014] (а) Asp-Gly- Arg « Lys 
(a) Quinoline | (b) Adenine (b) Gly < Asp «Arg < Lys 
(с) Cytosine (d) Thymine (c) Asp<Gly<Lys < Arg 
18. Which of the vitamins given below is water (d) Arg< Lys <Gly< Asp 
soluble ? [2015] 23. Which of the following statements is not true 
(а) VitaminE (b) Матак about sucrose? 12019] 
(c) VitaminC (d) VitamiD 1 | 
19. Thiol group is present in : [2016] @ Itisanon reducing sugar. 
(a) Cysteine (b) Methionine (b) The glycosidic linkage is present between 
(c) Cytosine (d) Cystine C, of a-glucose and C, of B-fructose 
20. Which ofthe following compounds will behave (с) Itisalso named as invert sugar. 
asa reducing sugar in an aqueous KOH solution? (d) On hydrolysis, it produces glucose and 
12017] fructose. 
HOH,C „о CH,OH 24. Match the following: 12020] 
() Riboflavin (а) Beriberi 
@) HofócocH, Gi) Thiamine (b) Scurvy 
(iii) Pyridoxine | (c) Cheilosis 
OH (iv) Ascorbicacid (d) Convulsions 
HOH,C ,o. СНОН (а) (i) - (2). if) - (d). (iii) - (e), (iv) - (b) 
(b) (1)— (o), Gi) — (d). (iii) — (a). (iv) - (b) 
(b) HQ 


OH 


(с) @)— (©), Gi) (а), (ii) - (d), (iv) - (5) 
(d) @-— (d). Gi) — (b). (11) — (а), (iv) —(с) 


Biomolecules 
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Answer Key 


БШШ ШЕТШЕ ШОШ ЕТЕН ЕТЕТШ! 


b) 


b 


[7] 


[2] 


Solution 


5 25 


CG 


In RNA, the sugar is D-ribose and baseis $. 
uracil, whereas in DNA, the sugar is D-2 
deoxyribose and the nitrogenous base is 6. 
thymine. 

Cellulose is a linear polymer of 7. 
B-D- glucose in which C, of one glucose 
unit is connected to C, of the other through 

B-D glucosidic linkage. It does not undergo 
hydrolysis easily. However on heating with 
dilute H,SO, under pressure, it undergoes 
hydrolysis to give only D-glucose. 


(С,Н,ү0,), + nH,0—H S nC gH 206 
D-Glucose 
DNA consists of two polynucleotide — 8, 
chains, each chain forms a right handed 
spiral with ten bases in one turn of the 
spiral. The two chains coil to double helix 
and run in opposite direction held together 
by hydrogen bonding. 
RNA contains cytosine and uracil as 
pyrimidine bases while DNA has cytosine 
and thymine, 
Both have the same purine bases i.e., 
guanine and adenine. 


‘CHO 

BI 

H—C—OH 
| 

HO—C—H 
al 

=; Н—сС—он 
| 

нс он 

Е OH °CH,OH 


jlucopyranose 
Иоъ=+ 112.2 
(36% at equilibrium) 


(negligible 


% at equlibrium) 


b) 
© 
b) 


Insulin is a biochemically active peptide 
hormone secreted by pancreas. 

Nylon is a general name for all polyamide 
synthetic fiber. 

In DNA and RNA heterocyclic base and 
phosphate ester are at C, and Су 
respectively ofthe sugar molecule. 


OH OH 


(b) Cyclization ofthe open chain structure of 
D-(+)-glucose has created a new 
stereocenter at C, which explains the 
existence of two cyclic forms of D-(4)- 
glucose, namely a— and В-, These two 
cyclie forms are diasteromers, such 
diastereomers which differ only in the 
configuration of chiral carbon developed 
on hemiacetal formation (it is C, in 
glucose and C, in fructose) are called 
anomers and the hemiacetal carbon (C, or 
C,) is called the anomeric carbon. 


{-D-(+)-Glucopyranose 
тр. 150 °C ; [аъ =+ 18.7° 
(64% at equilibrium) 
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9. 0) 
10. (b) 
п. (© 
12. (©) 
13. (а) 
14. 0) 


The pyrimidine bases present in DNA are 
cytosine and thymine. 

Thesecondary structure of a protein refers 
to the shape in which a long peptide chain 
can exist. There are two different 
conformations of the peptide linkage 
present in protein, these are a-helix and B- 
conformation. The o-helix always has a right 
handed arrangement. In f-conformation all 
peptide chains are streched out to nearly 
maximum extension and then laid side by 
side and held together by intermolecular 
hydrogen bonds. The structure resembles 
the pleated folds of draping and therefore 
is known as B-pleated sheet. 


Ё MOTE Glucose is considered as a typical 
carbohydrate which contains -CHO and 
-OH groups. 

Biuret test produces violet colour on 
addition of dilute CuSO, to alkaline 
solution of a compound containing 
peptide linkage. 

Polypeptides, proteins and urea have 
-C-NH- (peptide) linkage, while 

о 


carbohydrates have glycosidic llinkages. 
So, test of carbohydtrates should be 
different from that of other three. 
Molisch's test : This is a general test for 
carbohydrates. One or two drops of 
alcoholic solution of a-naphthol is added 
to 2 mL glucose solution, 1 mL of conc. 
HSO, solution is added carefully along 
the sides of the test-tube. The formation of 
a violet ring at the junction of two liquids 
confirms the presence of a carbohydrate 
or sugar. 


Chemistry 


15. (c) With the exception of glycine all other 
amino acids have different functional 
groups (atom) on the central tetrahedral 
alpha carbon. 


H 


| 

H— C— COOH 
| 
NH; 


Glycine 


16. (a) 6CO,+12NADPH + 18ATP —> 


C,H,,0,+ I2NADP + 18ADP 


DNA contains ATGC bases 

Quinoline is not present in DNA or RNA. 
18. (c) Water soluble vitamins dissolve in water 
and are not stored by the body. The water 
soluble vitamins include the vitamin 
B-complex group and vitamin C. 

19. (a) Among 20 naturally occuring amino acids 
"cysteine" has '- SH' or thiol functional 
group. 

= General formula of amino acid 


HN - CH - COOH 
R 


= Value of R- -CH;-SH in cysteine. 
20. @) 


HOH,C с, CH,OH HOH,C É сњон 


O — Kon le 
нө d crpe coor Ho}? 
OH ou 
Hemiketal 
222 
нон,с Н сн,он 
Positive silver тоз H 
: nies. 
mirror test “reagent 
он 


a-Hydroxy ketone 
(a Reducing sugar) 


Biomolecules 
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21. (а) 
CHO 
(CH — OH), “5 CH,CH,CH,CH,CH,CH, 
| п-Нехапе 
Сн, — OH 
22. (© Structure of the given o-amino acids are: 


HN,—CH;-coo- 
Giycine (Gy) 


НООС-СН, —ÇH—C007 


з 
Aspartic acid (Asp) 


HN- (CH), — cH coo" 
NH, 
Lysine (Lys) 


NH 


HAN-C-NII-CID) CH- C00" 


Pes 
Nn 
Arginine (Arg) 

Here, aspartic acid is an acidic and glycine 
is a neutral amino acid while lysine and 
arginine are basic amino acids. Also, 
arginine is more basic due to the stronger 
basic functional groups. 


The order of pKa value is directly 
proportional to the basic strength of amino 
acids, i.e. Arg > Гуз > Gly> Asp. 


23. (b) Sucrose contains glycosidic linkage 
between C, of a-D glucose and С, of 


B-D-fructose. 


C,H,0,, + H,O > Glucose + Fructose 


HO 


a-D-Glucose f-D-Fructose 


Sucrose 


Vitamins Deficiency 
Diseases 
Vitamin В, (thiamine)  |Beri-beri 
Vitamin В, (riboflavin) | Cheilosis 
Vitamin B, (pyridoxine) | Convulsions 
Vitamin C(ascorbic acid)| Scurvy 
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29) 


Polymer formation from monomers starts by 
[2002] 

(a) condensation reaction between monomers. 

(b) coordinate reaction between monomers 

(c) conversion of monomer to monomer ions 

by protons 

(d) hydrolysis of monomers. 

Nylon threads are made of 

(a) polyester polymer 

(b) polyamide polymer 

(c) polyethylene polymer 

(d) polyvinyl polymer 

Which of the following is fully fluorinated 


12003] 


polymer? [2005] 

@ РУС (b) Thiokol 

(c) Teflon (d) Neoprene 

Bakelite is obtained from phenol by reacting with 
[2008] 

(a) (CHOH), () CH,CHO 

(с) CH,COCH, (d) HCHO 

Buna-N synthetic rubber is a copolymer of : 
12009] 


(а) H,C- CH-CH-CH, and H,C,-CH- CH, 
(b) H,C-CH-CNand H,C- CH - CH-CH, 
(c) H,C-CH-CNand НС = CH - C= CH, 


| 
CH, 


с! 
(d) Н,.С-СН-С-СН,аад 
HC - CH-CH = CH; 


The polymer containing strong intermolecular 
forces c.g. hydrogen bonding, is 12010] 


10. 


M. 


(a) teflon 

(b) nylon6,6 

(c) polystyrene 

(d) natural rubber 

Thermosetting polymer, bakelite is formed by 


the reaction of phenol with : [201185] 
(а) CH,CHO (b) HCHO 
(c) HCOOH (d) СН,СН,СНО 


The species which can best serve as an initiator 


for the cationic polymerization is: [2012] 
(а) ШАН, (b) HNO, 

(©) АС, (d) BaLi 

Which one is classified as а condensation 
polymer? 12014] 
(8) Dacron (b) Neoprene 

(c) Teflon (d) Acrylonitrile 


Which polymer is used in the manufacture of 

paints and lacquers ? [2015] 

(a) Polypropene (b) Polyvinyl chloride 

(c) Bakelite (d) Glyptal 

Which of the following statements about low 

density polythene is FALSE? [2016] 

(a) Its synth requires dioxygen or a 
peroxide initiator as a catalyst. 

(b) It is used in the manufacture of buckets, 
dust-bins etc. 

(c) Its synthesis requires high pressure. 

(d) Itisa poor conductor of electricity. 

The formation of which of the following 

polymers involves hydrolysis reaction? [2017] 

(а) Муюпб (b) Bakelite 

(c) Nylon6,6 (d) Terylene 
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13. Major produet of the following reaction is: 14. The major product of the following reaction is: 
[2019] 12019) 
„зге 
_() KOH 
2 CY Ql Q) Freri 
[^ polymerisation 
(1) EQN Ян л 
(2) Free radical A 


polymerisation 
—n 


@ — 2 
п S | 
eai, 5, 


(b) 
NH, 
(c) 
EM I ow 
ES 
CI 
ялан 
(Фу 
от L hn 
(d) 
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L @ 
2 b 
з. © 
+ @ 


cc 


Solutions 


25 


Polymerisation either by 
condensation or addition reactions 
Condensation 
polymers are formed by the combination 


starts 
between monomers. 


of monomers with the elimination of simple 
molecules. Whereas addition polymers аге 
formed by the addition of the molecules 
of the monomer or monomers to form a 
large molecule without elimination ofany 
thing. 

Nylon is a polyamide polymer. 

Teflon is polymer of CF, = CF,. 

Bakelite is formed by the reaction of 
formaldehyde (HCHO) and phenol . 


OH 
п +n HCHO 5 
OH OH OH 
у ogee 
CH, CH, 
он он он 
Bakelite 


Buna — is a copolymer of butadiene 
(CH, = CH- CH= CH,) and acrylonitrile 
(CH,=CHCN). 

Nylon 6, 6 has amide linkage capable of 
forming hydrogen bonding. 


8. 


12. 


Ї Ї 
А T å 
Polymerisation | NH(CH,);—C—NH—(CH,);—C 


©) 


[2] 


(а) 


Lewis acids are the most common 
compounds used for initiation of cationic 
polymerisation. The more popular Lewis 
acids are 80С1, AICI,, BF, and TiCl,. 

Except dacron (terylene) all are additive 


polymers. Terephthalic acid condenses 
with ethylene glycol to give dacron. 


ноос-4 Усон + 


Terephthalic acid 


НО-СН,-СН,-ОН--» 
Ethylene glycol 


i 
e Non сњ -0 


Dacron (Polyester) 


Glyptal is used in the manufacture of paints 
and lacquers. 

High density polythene is used in the 
manufacture of housewares like buckets, 
dustbins, bottles, pipes etc. Low density 
polythene is used for insulating electric 
wires and in the manufacture of flexible 
pipes, toys, coats, bottles etc. 
Formation of nylon-6 involves hydrol 
of caprolactam, (its monomer) in initial 
state. 


NH њо 
у» HN(CH);COOH 


Caprolactam є-Аппо caproic acid 


Nylon-6 
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13. (d) Mechanism for the formation of major 14. (d) 
product is as follows: 


=> 
Ale. OH 
а а а 


Hs 
? 95 (grin), 
(JERN N. + HCI 
7 еш polymerisation 
ee. 
Ó 
(2) Free radical а 
polymerisation Е 
_ Polymerization ^ 
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Е Everyday Life 


)2 


6. — Which of the following is an anionic detergent? 
12016] 
210 (а) Cetyltrimethyl ammonium bromide. 
Е LL (b) Glyceryloleate. 
(c) Sodium stearate. 
(a) antiseptic (b) antibiotic [2002] (d) Sodium lauryl sulphate. 
(с) analgesic (d) pesticide. 7. The predominant form of histamine present in 
2. Which of the following could act as a propellant human blood is (рК, Histidine — 6.0) 
for rockets? [2003] 12018] 
(а) Liquid oxygen + liquid argon H 
(b) Liquid hydrogen + liquid oxygen N 
(c) Liquid nitrogen + liquid oxygen (a) ул» 
(d) Liquid hydrogen + liquid nitrogen 
3. Which one of the following types of drugs н 
reduces fever ? 12005] Ф 
(8) Tranquilier — (b) Antibiotic (b) Q~ ыг 
(c) Апйругейс | (d) Analgesic H 
4. — Aspirin is known as: [2012] 5 
(а) Acetyl salicylic acid YA 
(b) Phenylsalicylate © А мн, 
(c) Acetyl salicylate H 7 


(d) Methyl salicylic acid 
5... Which of the following compounds is not an H Р 
antacid ? [2015] (d) Мт» 
(à) Phenelzine 
(b) Ranitidine а fnhe 
(c) Aluminium hydroxide 
(d) Cimetidine 


number of chiral carbons in 
chloramphenicol is А 12020] 


Answer Key 


Chemistry in Everyday Life. 


5. 


© 


b) 


[3] 
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cC 


The given compound is aspirin which is 
antipyretic and analgesic 

Liquid hydrogen and liquid oxygen are 
used as excellent fuel for rockets. H.(/) has 
low mass and high enthalpy of combustion, 
whereas oxygen is a strong supporter of 
combustion, 

Anantipyretic isa drug which is responsible 
for lowering the temperature of the feverish 
body to normal but has no effect on normal 
temperature states. 


0-COCH, 


COOH 
Aspirin (Acetyl вайсуйс acid) 


Phenelzine is an antidepressant, while 
others are antacids. 

Sodium lauryl sulphate (C,,H,,CH,OSO; 
Ма?) is an anionic detergent. Glyceryl oleate 
is a glyceryl ester of oleic acid. Sodium 
stearate (C,;H,;COO-Na’) is a soap. 
Cetyltrimethyl ammonium bromide 


7. 


8. 


[cisco ong, їе 


is a cationic detergent. 
(d) Structure of histamine 


| 
LY талс 
Nw 


Blood is slightly basic in nature (7.35 pH). 
Atthis pH, terminal NH, will get protonated 
due to more basic nature. 


Predominant structure of histamine is 


H 
| 
N E 
a ъ 
М 


о 
eo) а 
МН-С-СҢ Су 


mo 
ох-(О)-0н-бн-снсон 


OH 
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When H,S is passed through Hg,S we get 
|. 12002] 
(а) Hgs (b) HgS+Hg,S 
(©) Hg,8+Hg (d) None of these. 
How do we differentiate between Fe** and Сг?“ 
in group III? 12002] 
(8) by taking excess of NH,OH solution 
(b) Бу increasing NH," ion concentration 
(c) by decreasing ОН” ion concentration 
(d) both (b) and (c) 
Which one of the following statements is correct ? 
12003] 
(a) Froma mixed precipitate of AgCland Agl, 
ammonia solution dissolves only АрСІ 
(b) Ferric ions give a deep green precipitate 
on adding potassium ferrocyanide solution 
(c) On boiling a solution having K*, Ca?* and 
HCO; ions we get a precipitate of 
K;Ca(CO;). 
(d) Manganese salts give a violet borax bead 
test in the reducing flame 
The compound formed in the positive test for 
nitrogen with the Lassaigne solution of an 
organic compound is [2004] 
(а) FejFe(CN)], (b) NajF&CN)] 
(c) Fe(CN), (d) Na,[Fe(CN);NOS] 
The ammonia evolved from the treatment of 0.30 
g ofan organic compound for the estimation of 
nitrogen was passed in 100 mL of 0.1 M 
sulphuric acid. The excess of acid required 20 
mL of 0.5 M sodium hydroxide solution for 
complete neutralization. The organic compound 
is [2004] 


52 


(a) urea 
(b) benzamide 

(c) acetamide 

(d) thiourea 

An organic compound having molecular mass 
60 is found to contain C — 20%, H= 6.67% and 
N=46.67%, while rest is oxygen. On heating it 
gives NH, along with a solid residue. The solid 
residue gives violet colour with alkaline copper 
sulphate solution. The compound is [2005] 
(а) CH,CH,CONH, 

(b) (NH),CO 

(c) CH,CONH, 

(d) CH,NCO 

29.5 mg of an organic compound containing 
nitrogen was digested according to Kjeldahl’s 
method and the evolved ammonia was ahsorbed 
in 20 mL of 0.1 M HCI solution. The excess of 
the acid required 15 mL of 0.1 M NaOH solution 
for complete neutralization. The percentage of 


nitrogen in the compound is 12010] 
(а) 590 (b 474 
(c) 237 (d) 2 


Forthe estimation of nitrogen, 1.4 g ofan organic 
compound was digested by Kjeldahl method and 
the evolved ammonia was absorbed in 60 mL of 


M 
Tg Sulphuric acid. The unreacted acid required 


M 
20 mL of гүр sodium hydroxide for complete 
neutralization. The percentage ofnitrogen in the 
compound is: [2014] 
(à) 6% (b) 10% (су 3% (d 5% 


Analytical Chemistry 


9. 


п. 


12. 
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In Carius method of estimation of halogens, 250 — 13. 


mgof an organic compound gave 141 mg of AgBi 
The percentage of bromine in the compound is : 


12015] 
(at. mass Ag =108; Вг= 80) 
(а) 48 (b) © 
(с) 24 (d) 36 


Which of the following compounds will be 
suitable for Kjeldahl's method for nitrogen 
estimation? 


[2018] 


14. 
i is titrated against an acid with methyl 
orange as indicator, which ofthe following is a 
correct combination? 12018] 
Base Acid End point 
(a) Weak || Strong Colourless to pink 
(b) Strong Strong Pinkish rcd to 
yellow 
(c) Weak Strong Yellowto pinkish 
red 
(d) Strong Strong Pink to colourless 
The correct match between Item-l and Item-II is: 
[2019] 
Item Item 15. 
(Drug) (Test) 


A. Chloroxylenol 


B. Norethindrone q. Sodium hydrogen 
carbonate test 


p. Carbylamine test 


C. Sulphapyridine r Ferric chloride test 
D. Penicillin s. Bayer's test 
(а) А-»г:В-эр:С-»я:0-э4 
(b A>q;B>s;C>p;D>r 
© Asr:B3s:;C>p;D3q 


(d A2q;Bop;Cos;Dor 


сн o 
OX. +9 SO; 
CH; 


он yay 


с-177 
The organic compound that gives following 
qualitative analysis is: 12019] 
Test Inference 
(а) Dil HCI Insoluble 
(b) NaOHsolution ^ soluble 


Decolourization 
A solution of m-chloroaniline, m-chlorophenol 
and m-chlorobenzoic acid in ethyl acetate was 
extracted initially with a saturated solution of 
NaHCO, to give fraction A. The left over organic 
phase was extracted with dilute NaOH solution 
to give fraction В. The final organic layer was 
labelled as fraci B and C, 
contain respectively: 12020] 
(а) m-chlorobenzoic acid, m-chloroaniline and 
m-chlorophenol 
(b) m-chlorobenzoic acid, m-chlorophenol and 
m-chloroaniline 
(© m-chlorophenol, m-chlorobenzoic acid and 
m-chloroaniline 
(d) m-chloroaniline, m-chlorobenzoic acid and 


(c) Brywater 


m-chlorophenol 
Consider the following reaction: 
The product “Л” is used: 


12020] 


(a) in protein estimation as an alternative to 
ninhydrin 

(b) inacid base titration as an indicator 

(c) as food grade colourant 

(d) in laboratory test for phenols 
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L © 
2 b 
à @) 
40) 
50) 


«C Solutions D) 


When H,S is passed through Hg,$ we get 
a mixture of mercurous sulphide and 


mercury (HgS + Hg). 
When we add NH,CI, it suppresses the 
ionisation of NH,OH and prevents the 


precipitation of higher group hydroxide in 
вр(Ш). 


ENDE. Further ferric chloride and 
chromium chloride form different colour 
precipitates with NHOH. 
FeCl, +3NH,OH—> Fe(OH); 4+ 3NH,CI 
Reddish brown 
CrCl, + 3NH,OH — Cr(OH); - 3NH,CI 
Bluish green 


Between AgCland Agl, Agl is less soluble, 
hence ammonia can dissolve ppt. of AgCI 
only due to formation of complex as given 
below: 


AgCl+2NH,—> [АВ (МН, 
Prussian blue Feg[Fe(CN)g] is formed 
in Lassaigne test for nitrogen, 
Na+C+N +> NaCN 
(Front ong. сг 
FeSO, + 2NaOH—9 Fe(OH), t +Na,SO, 
Green ppt. 
Fe(OH), + 2NaCN — Fe(CN), + 2NaOH 
Fe(CN), + 4NaCN—> №, РӘСМ) 
Sod. ferrocyanide 
3Na,[Fe(CN),] + 4FeCl,—> 
Fe,[Fe(CN),],+ 12NaCl 


Ferricferrocyanide 
(Prussian blue) 


H5SO, is dibasic. 
QI MH;SO, =0.2NH S04 


Chemistry 
2 
M,a of H3SO4 neutralised by NaOH 
=20x0.5=10 
M,, of H5SO, neutralised by NH, 
-20-10-10 


14x Ma, of acid neutrialised by МН; 


Ny 
Wt. of organic compound 


46.6 


ТИР А 14x2x100 
Уо of nitrogen in urea EET OMNE 


[Mol.wt of urea -60] 
Similarly% of nitrogen in benzamide 


ji ae =11.5% [CJH,CONH, = 121 


14х1х100 
59 

[CH,CONH;-59] 

14x 2x100 

76 


Acetamide — =23.4% 


Thiourea = = 36.8% 
[NH,CSNH,=76] 
Hence the compound must be urea. 


b) 


Element] % | Relative | Simplest ratio 


no. af attams | _of attoms 


[3 20 |2012- 1.66 1.0 


H 6.67 | 6671 = 6.67 4.16 


N 46.67 [46.67/14 = 3.33 2.02 


26.64 |26.64/16 = 1.66 1,0 


Theempirical formulae is CH,N,O 
Empirical weight = 60; Mol. wt. =60; 
60 
-2--1 
60 
Molecular formula = CH,N,O 
NH, -CO- NH, (Urea) 
On heating, urea loses ammonia to give biuret. 
2NH,CONH; —>H,NCO.NH.CONH, +NH; 
Biuret with alkaline CuSO, gives violet colour. 
Test for -CONH- group. 


n 
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7. (c) Moles of HCI taken =20 x 0.1 x 1072 (c) pHrange for methyl orange is 
225107 aurea 4S дә 
Moles of HCI neutralised by NaOH solution кш: Ба 

=15x0.1 x 103=1.5 «103 Generally, weak bases have pH greater than 
8.0 
9. © 
10. (b) 


Moles of HCI neutralised by ammonia 
-2x103-15x10? 
=0.5x 10° 

Moles of NH, absorbed =0.5 x 107? 

Moles of N in NH, =0.5 х 103 

Mass of N in organic compound 
=14%0.5* 108g 

%N in organic compound 
1405x104 

29.5 x10 
= 237% 
14 x meq. of acid 


x100 


%ofN= ass of organic compound (in g) 


M 
meg. of H,S0, = 60172 =12 


M 
meq. of NaOH = 20x75 


2. meq. of acid consumed = 12-2 =10 


14x10 
14 

Mass of substance = 250 mg = 0.250 g 
Mass of AgBr = 141 mg=0.141 g 
1 mole ofAgBr- 1 g atom of Br 
188 gof AgBr =80 g of Br 

188 g of AgBr contain bromine= 80 g 
0.141 g of AgBr contain bromine 


2 %ofN= =10% 


80 
=—x0.141= 
T 0.06 g 


0.06 g of bromine is present in 0.250 g of 
organic compound 

2. % of bromine = 24% 

Kjeldahl’s method is not applicable for 
compounds containing nitrogen in nitro 
and azo groups and nitrogen in ring, as N 
of these compounds does not change to 
ammonium sulphate under these 
conditions. 


7. When methyl orange is added to a weak 
basic solution, solution becomes yellow. 
This solution is then titrated against a 
strong acid, at the end point pH will be 
less than 3.1. 

. Solution becomes pinkish red. 


(© As chloroxylenol contains phenolic 


group so it gives positive ferric chloride 
test. 
OH 


Chloroxylenol 
Norethindrone has double bond, thus it 
will give Bayer’s test. 


Norethindrone 
Sulphapyridine contains -NH, group so 
it gives carbylamine test. 


i 
нх-0)-1-5-0) 
2 j HX 
Ó 


Sulphapyridine 


Penicillin contains -COOH group so it will 
give sodium hydrogen carbonate 
(NaHCO, test. 


о H H 
ll S\ AH, 
R—C—NH 5 
сн; 
N- COOH 
o H 


Pencillin 
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c-180. Chemistry 
13. (a) NH, 
tS > No reaction 
OH O'Na* © 
ом 
NaOH 
OH CI 
LPs s pr Br (в) 
T50 15. 0) 
HC. + 
Br № -ам-4 У- 80, Ма 
нс d 
COOH OH NH, р» 
2 HENS, — at 
14. (b) Р” A Ee wx %—зо, ма 
Са 4 кча 


Methyl orange is used as an indicator in 
acid base titrations. 


Sets 


If А, В and C are three sets such that 

An^B- AnC and 40B- AUC then 
12009] 

(a) A=C (Б) B=C 

(с) 408-ф (d A=B 

Let X ={1,2,3,4,5}. The number of different 

ordered pairs (Y.Z) that can formed such that 


ҮСХ, 2с XandY OZis empty is: [2012] 
(а) 52 (b) 3 
(с) 25 ( 5 
Tf f(x) 2f 1)=3x,x#0and 
x 


22 


= {x eR: х) = fx): then S: [2016] 
(a) contains exactly two elements. 

(b) contains more than two elements. 

(c) isan empty set. 

(d) contains exactly one element. 


Let S- (xe R:x 20 and 


2|4x -3| x (x -6) 6-01. 
Then 8: 
(a) contains exactly one element. 
(b) contains exactly two elements. 
(c) contains exactly four elements. 
(d) isan empty set. 


12018] 


1 2 3 4 


(b) | (D | @ | b) 


Solutions 


cC 


à) 1. 
=(AnC 
-(AuB)n(CoB) 


ju 
) 
=(AUC)n(BUC) 
-(AnB)uC 

) 


=(Ancjuc 
=Ç 


2. 


0) LetX={1,2,3,4,5} 
n(x)=5 
Each element of x has 3 options. Either in 
set Y or set Z or none. (7 Y Z= ф) 
So, number of ordered pairs = 35 


@) боо+ә[1) =3x 40 
х 


1 3 
(1) «2009-5 x2) 
x x 
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Mathematics 


Adding (1) and (2) 


он) as 
Substracting (1) from (2) 


= гө р2-н 0) 
х/ х 
On adding (3) and (4) 


=> f(x) = 

fix) - fcx) 2-х 2 е 
х х х 

х or x=V2,-V2 


4. 


(b) Case-I: хє[0,9] 
2(3-4х)-х-64х-6-0 


—x-8Áx +12=0= Vx =4,2 
=> х=16,4 

Since x €[0,9] 

x=4 

Case-II: x є[9,] 

2(4x 23) x- 6 6-0 

= x-A 4x 20— x 2160 
Since x є[9,о] 


л xal 
Hence, х= 4 & 16 
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£s Relations and 
Functions 


52 


1 Domain of definition ofthe function 3. The graph of the function у = f(x) is symmetrical 
Hoja 3 = lop ct ais 2003] about the line x — 2, then [2004] 
йе 00 UC (а) Л) – 7С) 
(а) (-10)202) (2) (b) (42) ( /(2+х)=/(2-х) 
(с) (-10)5(22) (d D2»). ©. æ=) 
2. I[f:R—R satisfies f(x у) = f(x) + fO), (4) /(х42)-/(х-2) 
forall x, ye R andfl)=7,then E f(r) is 4 — The domain of the function f(x) = 
12003] 
@ mar) o 2" [2011] 
ч (a) (0,=) (b) (9.0) 
@ we) (d) 7n-(n41) (c) (<®,®)-{0} (d) (2,0) 


2 


cC Solutions 25 
эг) 2 D=(-1, 0u (l, о) [2] 
1,0)u(. 2уы (2, ©). 
4-х? #0 апд x? -x> 0; 2. (а) /(х+у)=/(х)+/(у). 
х#ї2апй-1<х<0ог1<х<® #/@=7 


£0-fü0*D-f()*/(0-14 
Зүй /()-/(152)-/0):/0)-21 
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_1щ(п+1) 


5 
3. (b Given that a graph symmetrical. with 4 
respect to line x = 2 as shown in the figure. 
¥ 


Mathematics 
From the figure 

f(x) = f(x), where xi =2-x 
and x7 


А/@-зу= fü» 


+x 


(x)is define if] x| x0 


Hence domain of f(x) is (- 20,0) 
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Trigonometric 


Functions 


The number of solution of tan x + sec x = 2cos x 


in[0,2 5 is 12002] 
(a) 2 (5) 3 
(c) 0 (d) | 


Let 0,0 besuch that t «a В «3л. 


Ifsina +sinp=-2} and cos a + cos B= a 
65 65 
a-p 

then the value of cos— 12004] 
-6 3 

(a) 65 (b) fi3o 
5 4 

© е 97010 


If u = Va? cos? 0-8 520404 sin? Ө + b? cos? 0 


then the difference between the maximum and 


minimum values ofu? isgivenby [2004] 
(а) (a-b? 6) Wate? 
© (a+b? (4) (a? +5") 


The number of values оёх in the interval [0,37] 


satisfying the equation 2sin? x-« 5sinx -3- 0 


is 12006] 
(a) 4 (b) 6 
(© 1 (d) 2 


IfO0cx«7 and cosx+sin x=, then tanx 


is 12006] 


@ mD à) 48-47) 
4 3 

© ШОО) ” 0447) 
3 4 


Let A and B denote the statements 
A: cos a + соз В + cosy=0 
B: sin a+sin B+ sin y=0 


If cos (B — y) + cos (ү— a) + cos (a — B) = E 


then : 12009] 
(а) Ais false and B is true 

(b) both A and B aretrue 

(c) both A and B are false 

(d) Aistrueand B is false 


? 5 
Let cos(a-f) 2 and sin (a-B)=—, 
5 [E 
where 0 < a, В. Then tan2a = [2010] 
56 » 2 
@ 3 (b) 12 
20 25 
© T @ 16 
IfA = зїп? x+ cosy, then for all real x: 
[2011] 
Beger b) 
(а) 16-25 (b) 15442 
3 13 3 
-5АХК- = 
© т is @ 45451 


м-6 


12. 
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Mathematics 
The possible values of 0 =(0, л) such that e i © = 
sin (Ө) +sin (40) +sin (79) =Oare 1 PO 
[2011RS] © 6 © 3 


n 5л л 2n 3л 8л 


(a) infinite number of real roots 

(b) noreal roots 

(c) exactly one real root 

(d) exactly four real roots 

ABCD is a trapezium such that AB and CD are 
parallel and BC L CD. If ZADB= 9, BC =p and 


CD- q, then AB is equal to : 12013] 
4?)зїпӨ 
@) “рсовб-дзш0 
(B) cost quint 
р? +? 
© —у—_ 25 
р? cosü e q^ 810) 
(р? + q^)sin8 
Ф 3 ш)? 
(рсоѕ + qsin0) 
{ап А LA 
The expression —~ 50 
T=cot A” I=tan A 
сап be written as : 12013] 


(a) sinA cosA +1 
(b) secA cosecA +1 
(c) tanA + cotA 

(d) secA + cosecA 


) 


and & z 1. Then /4(х)-/,(х) equals 


Let fi (x 


ly 
nu x cos* x) where xe R 


12014] 


14. 


15. 


16. 


18. 


19. 


If the angles of elevation of the top of a tower 
from three collinear points A, B and C, on a line 
leading to the foot of the tower, are 30°, 45° and 
60° respectively, then the ratio, АВ: BC, is : 
[2015] 


@ 143 (b) 2:3 
© VB: () 45:42 


A man is walking towards a vertical pillar in a 
straight path, at a uniform speed. At a certain 
point A on the path, he observes that the angle 
of elevation of the top of the pillar is 30°. After 
walking for 10 minutes from A in the same 
direction, at a point B, he observes that the angle 
of elevation of the top of the pillar is 60°. Then 
the time taken (in minutes) by him, from B to 


reach the pillar, is: 12016] 
(а) 20 (b 5 
(с) 6 (d) 10 


If Q <x < 2л, then the number of real values of 
x, which satisfy the equation 


COS X + cos 2х + cos 3x + cos 4x — 0 [2016] 
(а) 7 (b 9 
(c) 3 (d) 5 


If 5(tan?x — cos?x) = 2cos 2x + 9, then the value 


of cos 4x is: 12017] 
7 3 

@ -7 © -3 
1 2 

(с) 3 (9) 9 


РОВ isa triangular park with РО= РЕ =200 m. A 
T.V. tower stands at the mid-point of QR. Ifthe 
angles of elevation of the top of the tower at P, 
Qand R are respectively 45°, 30° and 30°, then 


the height of the tower (in m) is : 12018] 
а) % (b) 10043 
© 50/2 (d) 100 


If sum of all the solutions of the equation 


СЕБЕ 
8cos x-| соѕ| —+x]-cos| ——х)——=1 
6 6 2, 


in [0, x] is ka, then kis equal to: 12018] 
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Trigonometric Functions M-7 
13 8 у 301+ сок20° 2 
@ > 6) 5 (c) 501 + cos20?) @ 32 
20 2 21. LetS- {Өє[-2л, 21]: 2 cos?0 + 3sin0 — 0j. 
© = @ = 
"og 3 Then the sum of the elements ofS is: [2019] 
20. The value of [2019] @ 13л Ф 5л 
со? 10° — соз10° cos50? + cos*50° is : i 6 3 
3 8 
@ 7 + ¢0s20° ъз © 2т ОР: 


Answer Key 


EO RAE EAE |-e-|-7- |-8- [-9- ЕТУ! ЕШ | 12: | 13-]-14-]-15-] 
09 [е о) [оо ео о Го о [е о [е |» | v] o|o 


cC Solutions 25 


1. (b - tanx-secx -2 cos x; Squaring and adding (2) and (3), we get 
=> sin x + 1 = 2с052х 

(1 — sin? x); 

+ sinx- 1=0; 


-»sinx- 


=> 28 
= (їп х—1)(їпх+1)=0 


=> siny 1.; [from(1)] 


=> х-307, 150°, 270°. 23:42 (а* + b*)co: 
M S 56 3. @ Psd" 5. 
Number of solution = 3 ай (eos! Өөш 0) 


2 (d л<а-В<3л 


EU 
() Now, (a? +b*)cos? Osin? 0 
жа? (cost 0+sin4 Ө) 
9 2 21 шагай 
sin a +sin B= -— = (af +b*)cos? Osin? 0 
65 
a? b? (1— 2cos? Osin? Ө) 
убаа B OB 0) dde gt pa 
2 2 4 = (a +b - 247? cos? Osin? Ө+ а?” 
27 2 2 
созо + cos В = —— = (а -b^)* .Q) 
65 
FT 10 5п2 20 <1 
=> 2со8 (3) 


2 2 65 
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piy sin? 20 (а? b2)? 
4 


>0< (a - 
4 


sab є(а2-ьһ??® 


<(а2-ь?)? 


From(1) 


a+b? op? <и? ка +2 (+2). 


(a+b)? <u? <2(a? +) 
2. Max. value Min. value 


=2(а? +b?)-(a+b?) - (a- b 


2sin? x«5sinx-3- 0 
=> (sinx+3)(2sinx-1)=0 


=> sinx= and sinx 4-3 


юр- 


7. In [0,37], х has 4 values. 


А. е 
& (© cosx Ши, = lesin2x- 


=> sin2x= 


2п<25<2л7 
x 
Aem -0 


2tanx 


к... ЖИ 
I+tan?x 4 
=> Заал x+8tanx+3=0 


-8EJ64-36 447 
=e 


3 


- tanx = 


Mathematics 


т 
frs «XR, lanx «0 


E 
3 


- tanx = 


Ф) Giventhat 
cos (B= Y ) + cos (ү — a) + cos (a — B) 


= 2[cos(B- У) + cos (Y — o) 
*cos(a.- B)]- 3-0 
= 2[с%(В— Y )+ cos (Y — a) + cos(a- В)] 
+ sin? a + cos? a + sin? В + cos? В 
+sin?y + co? 0-0 
— [sin a. sin В + sin? Y +2sina sinB+2 
sin В sin y + 2 siny sina | + [cos?a + 
cos? [-- cos? ү + 2соѕо cosp 
+2 соз В cosy + 2соѕ y cosa] - 0 
[^ cos(A B) = cosA .cosB+sinA sinB] 
=> [sina sin D ^ sin y P+ 
(cos a + cos B + cos у )2= 0 
= sina +sinB+siny =Oand 
cos а + cos В + cos Y =0 
A and B both are true. 


@) cosa. B) - E 


sin(a - p) = 2- = tan(a -) = 5 


13 


тап 2a = tan[(a + В) + (a —В)] 


3.5 
(а В) аа В) _ 4*1 


tan(a + 3)!ап(о. 


412 


@ 4 


2 х+соз* x 


sin? x-cos? x(1- sin? x) 


NT 2 1, 2 
=зїп^ х+соз^ Хэл Ооу 
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Trigonometric Functions 


v-bsSsin2x&1 


= 0<sin?(2x) «1 


= 02-1 sin?axy2—1 
4 4 
1.2 1 
—121--sin!Qx)21-— 
4 4 


—I2A42 


ES 


sin 40 + 2sin 40 cos 30 = 0 


" " , (A+B 
у sinA + sinB = 2sin 2 *cos| 


sin40(1+2cos30) - 0 
sin40=0; 40-nz;nel 


EZ: 


4'2'4 


ог cos30- 


A 
2 
or 302 2mx = nel 


[- 0, є(0,л)] 


10. (b) Given equation із етт esin! 4-0 
Put esinx = гїп the given equation, we get 
2-4-1-0 


(:45416:4 45420 


2 2 
4:245 2, 


2 


БЭР, ЭРЭЭ (= Exe) 


=> eine 22-45 and е"" 224 5 
=> Є"5-2-ү5-0 
and sinx =In(2+V5)>1 


So, rejected. 
Hence, given equation has no solution. 
The equation has no real roots. 


п. @) 


м-9 


In AABD, from Sine Rule 


sin(x — (0 +a)) 
^ +q? sin® 
АВ -— ee — 
sin cosa + созӨ sina 
(p^ +q°)sin® 
^ gsinO- рсовӨ 


сова 0 т) 


12. (b) Given expression can be written as 


and sina. = 


cos A соз 4 


х 
sind cosd—sind 


sin А sin A 


с084 sin4—cosA4 


1 sin’ A-o 
cos А sin 4 


sin A= cos А 


а - =(a—b)(a? +ab+b?) 


in? A+sin Acos A+ cos? А 
sin Acos А 
= 1 + sec A cosec A 


13. b) Let fy (9) = eint x+cos* х) 


Consider 


ho- fos) = in toost x) 


ше s+ cus a) 
6 
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? xcos? x] 


1 А 
=—[1-2sin 
4l 


1 VN 
—— [1 -3sin? xcos? л 
gll-3sin? хоо? x] 


PB bisects ZAPC, therefore. 
AB:BC-PA:PC 


" sake. lt 4 
Alsoin ААРО, sin30°= py = PA=2h 


h 
. tan30°=—_ 
Áo x+ 


40) 


Mathematics 


Trom (1) and (2) 
3a-x ta» x-2a 
Here, the speed is uniform 


So, time taken to cover x — 2 (time taken to 
cover a) 


Н 10m 
7. Time taken to cover а= 7 minutes 


=5 minutes 
соз х + cos 2x + cos Эх + cos 4x = 
=> 2cos2xcosx+2cos3xcosx=0 


5x 
> Е 
2, 2 


5х х 
cosx = 0, cos = 0, созт 


We have 

Stan х Seo x= 29 cos x1) +9 
= Stan?x—So 4cosx-249 
=> Stan? х= 9 cos? x +7 

=> 5 (sec? x—1)=9cos?x+7 

Let cos*x=t 


=> i» -0 
—90-12t-5-0 
-»92415:-3:-5-0 
5030-1) (31+5)=0 


P 
=1= 381-3. 


1 1 
cos2x-2cos?x-1-22| 2 | -1-- 2 
cos 2x =2 cos*x—1 2(3) 1 3 


2 
1 
cos 4x =2 cos? 2x-1-2 (3) = 
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Trigonometric Functions 


Let height of tower MN=h 
In AQMN we have 


tan30° = MN 
ом 


QM=V3h=MR 
Nowin AMNP 
MN=PM 

In APMQ we have: 


MP- (200) - (43h)? 


From (2), we get : 


A00? - (hy! =h 5 h=100m 


40) 


40) 


2(4сов® x —3cosx) =1 


ыг 


2с083х = | = cos3x = 


3x mia el 


ил үл 

379 

hye i 2. 
9'3 9 


Sum ofall the solutions of the equation 
21 | 


cos10? соѕ50° + cos*50° 


A 


20. (b) cos!10* 
1+соз 20° 
E 2 


DEUM. 
2 


—1(2соз10°сов50° 


1 1 
=1+-—(соз20°+ cos100°)-— 
2 2 


[cos 605 + соз 40°] 


|. M 
4 


T 


ipse xcos40* — cos40*] 


27 + с05100° — со540°] 


3 


4 
21. (c) 2cos'0 +3sind=0 
= (2sin0 + 1) (sin0 2) 0 


= sind = E огвіл0= 2 Not possibe 


© 
6 


The required sum ofall solutions in 
22,21] is 
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1. gfa,- Te 1 7 


signsthen by methods of mathematical induction 
which is true 12002] 


having n radical 


@ a,»7Vn21 (b а,<7.Уп>1 


(с) a,«4Ynzl (d а,«3,Үлэ! 


52 


Let 8(К)-143-5.24(2К-1)-3-К2. 
Then which of the following is true [2004] 


(a) Principle of mathematical induction can 
be used to prove the formula 


(b S(K)=> S(K +1) 
(с) S(K)s9 S(K+1) 


(d) 5(1) is correct 


Answer Key 


4% Solutions j^ 


&) Forn=1,a,= 47 <7.Leta, 7. 


Then a, ,,7 /7+а„ 


— Py =1t4,<747< 14. 
= a,,,;< 14 <7; So, by the principle 
of mathematical induction a, <7, v п. 

b) SK) =1+3+5+..H2K-1)=3 +K? 


5(1):1=3+1, which is not true 


+» S(1) is not true. 

©. РМ. cannot be applied 

Let S(K) is true, i.e. 
ҖК):1+3+5...+(2К -1)=3+ K? 
Adding 2K + 1 on both sides 
э1+3+5...+(2К-1)+2К +1 


=34+K7 42K 41234 (K &1P = 5(К +1) 
< S(K) = S(K +1) 


f 
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Complex Numbers | 
and Quadratic : 


Equations 


zand ware twonon zerocomplexnumberssuch 7. 


that| 2 |- | wjand Argz + Arg w= л then zequals 


12002] 
а) o (b -5 
© o (d -o 8. 
If|z —4|« |z —2 |, its solution is given by 
[2002] 
(а) Re(z)>0 (b) Re(z)<0 
(c) Re(=)>3 (d) Re(j)22 
The locus ofthe centre ofa circle which touches 
thecircle|z-z; |=aand |z- z, |= bexternally 9, 


(с. г & ту are complex numbers) will be 
12002] 
(8) anellipse (b) a hyperbola 
(c) acircle (d) none of these 
Ifa but o? — 5а Запа 82= 58 —3 then the. 
equation having o/ß and P/a as its roots is 
12002] 
(а) 332-19x-3-0(b) 322+ 19х-3=0 


(с) 32-19x-3-0(d) х2-51+3=0 10. 


Difference between the corresponding roots of 
х?+ах+Ь=0 and х?+бх+а=0 is same and az b, 


then 12002] 
(a) a*b-4-0 (b) a*b-4-0 
© a-b-4-0 (d) a-b*4-0 
Product of real roots of the equation п. 


232+ |х|+9=0 

(а) is always positive 
(b) isalways negative 
(c) does not exist 

(d) none of these 


12002] 


39 


12002] 
(b p-0.g-1 
(d р--2,4-1 
Ifz ando are two non-zero complex numbers 


If p and 4 are the roots of the equation 
x^ px +q 7 0, then 


such that |2®|=1 and Arg(z)— Argio)- 5. 
then Zo is equal to 12003] 
(a) -1 (b) 1 
( =i (i 


Let Z; and 7› be two roots of the equation 


7? c az +Ь = 0, Z being complex. Further , 
assume that the origin, Z} and Z} form an 


equilateral triangle. Then [2003] 
() а? =4b (b) a=b 

() «d -2b (d) 

и) =1 then [2003] 


(а) x=2n+1, where n is any positive integer 
(b) x=4n , where n is any positive integer 
(с) x =2n, where n is any positive integer 
(d) x=4n+1, where n is any positive integer. 


The value of 'g' for which one root of 


the quadratic equation (a*—Sa+3)x" 


+(3а-1)х+2 = 0 istwiceas large as the other 
is [2003] 


м-14 


13. 


15. 


17. 
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Mathematics 
7 i 18. The value ofa for which the sum of the squares 
(a) жт (b) 3 of the roots ofthe equation x? —(a—2)x—a- 1 
? ? = 0 assume the least value is 12005] 
2 1 @) 1 (b 0 
e 73 9 3 © 3 @ 2 
The number of real solutions of the equation 19, 1 the cube roots of unity are 1, o, c? then the 
х2-3д|-2-0 is 12003] roots of the equation (x-1)? +8 =0, are 
(a) 3 (2 12005] 
: (а) -1,-1*20,- 1-20? 
(c) 4 (1 
n -1,-1,-1 
Let z and wbe complex numbers such that (©) -L1-20,1-20? 
Z+iW=0 andargzw- л. Then arg z equals (d) 11520,1420? 
2004) 20- 17 2 and 2» аге two non- zero complex 
5л т numbers such that | 2) +22 К 
© > 0 2 arg zı —arg zz is equal to 12005] 
E 
e > = @ 5 O -z 
If z=x-iy p+ig, then oe e 
( E ") / 244 21. 
») ft eg! 
bd is equal to 12004] 
(а) 2 () ы : : 12005] 
(2 @ 1 (а) anellipse (b) acircle 
(c) astraightline (d) a parabola 
1122162} +1, thenzlieson — [2004] E P 
) 22. Ina triangle POR, ZR= Š. If tan (5) and 
(a) anellipse 2 2 
(b) theimaginary axis g 
(9) acircle tan( 2} are the roots of ax? + bx +c = 0, 
(d) thereal axis a 20 then 12005] 
If (1-р) is а root of quadratic equation (a) a-b*c 
2 . (с) b-c 
х ТАШ Р)= 0, thenitsrootare [2004] >, те both the roots of the quadratic equation 
DATY @) -1,1 2kx+k? +k- 5=0 are lessthan 5, then k 
© 0,-1 (d 01 ies їп the interval 12005] 
If one root of the equation x? +px+12= @ 6,6] O) (6) 
, (c) (72.4) (d) [45] 
4, while the equation x? + px- д = 0 has equal 10 жт}. 
roots , then the value of *q^ is [2004] 24. The value of P sin EE teos E) is 
(a) 4 œ) 2 fa 12006] 
49 (а) i 6) 1 
© 3 @ = © -1 (4) -i 
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Complex Numbers and шаа 2 Equations 2OKS-IN 


31. 
25. 


26. 


27. 


28. 


29. 


30. 


If z? +2 +1 = 0, where z is complex number, 
then the value of 


12006] 


If the roots of the quadratic equation 


x? + px+q =0 aretan30? and tan 15°, 

respectively, then the value of2 + q—p is 
12006] 

(a) 2 (b 3 

© 0 () 1 

All the values of m for which both roots of the 


TE 2 
equation x^ —2mx + m^ —1 = 0 are greater than 


= 2 but less than 4, lie in the interval [2006] 
(а) -2«m«0 (b) m»3 
(б) -1«m«3 (d 1<т<4 


If|z + 4 | < 3, then the maximum value of 


[z+] is [2007] 
(а) 6 (b) 0 
(c) 4 (d) 10 


If the difference between the roots of the 


equation x2 +ах + 1 = 0 is less than 4/5 , then 


the set of possible values of a is 12007] 
(а) (3,00) (b (725-3) 
(с) 63,3) (d) (-3,%) 
The conjugate ofa complex number is — then 
that complex number is [2008] 
y 
© ты 


м-15 


32. 


34. 


p 
Lu 


36. 


The quadratic equations 3? — бх + a = 0 and 
x? — cx + 6 = 0 have one root in common, The 
other roots of the first and second equations 
are integers in the ratio 4 : 3. Then the common 
root is 12009] 
(а) 1 (b) 4 

© 3 (d) 2 

If the roots of the equation bx? + cx +a = 0 be 
imaginary, then for all real values of x, the 
expression 39252 + 6bex + 2c? is : [2009] 


(a) less than 4ab 

(b) greater than — 4ab 
(с) less than — 4ab 
(d) greater than 4ab 


= 2, then the maximum value of |z| is 


equal to: [2009] 
(а) 5+1 (b) 2 

() 2-42 €) 3+! 

The number of complex numbers z such that 
Е-Ц= 6+1=2 ij equals 12010] 
@ 1 (b) 2 

© = (d) 0 

If a and В are the roots of the equation 

xt — x+ 170, then 02009 + 2009 = 120101 
(а) -1 (b) 1 

© 2 d) 2 


Let о, В be real and z be a complex number. If 
z2? + ог + В = 0 has two distinct roots on the line 
Rez -1, then it is necessary that : [2011] 
@ Ве(10) — e) [=! 

€) Bee) (d Ве(0.1) 


If (41) is a cube root of unity, and 


(1+0) = A+ Bo. Then (А, В) equals [2011] 


(а) (1.1) 
(с) 61,1) 


(b) (1,0) 
(d) (0,1) 


M-16 


38. 


39. 


40. 


41. 


42. 


43. 
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Mathematics 


Sachin and Rahul attempted to solve a quadratic 
equation. Sachin madea mistake in writing down 
the constant term and ended up in roots (4,3). 
Rahul made a mistake in writing down coefficient 
of x to get roots (3,2). The correct roots of 


equation аге: [2011 RS| 
(а) 61 (b 43 
© -6.-1 (d -4-3 


Let fora а #0, 
f(x) e ax * bxc g(x) = ах? +h xe 


and р(х) = f (x)- а(х). 
x -2-landp(-2)- 


Ifp (x) = 0 only for 


2, then the value of p (2) is: 
[2011 RS] 

(b) 9 

(©) 6 (d) 18 


Ifz# land =_ is real, then the point. 


2-1 
represented by the complex number z lies : 
12012] 

(a) either on the real axis or on a circle passing 
through the origin. 

(b) ona circle with centre at the origin 

(c) either on the real axis or on a circle not 
passing through the origin. 

(d) onthe imaginaryaxis. 

If the equations х2 +2х+3 -0and a? +bx+c 

=0, a,b,c € R, havea common root, then a: b: c 


is 12013] 
@) 1: (b) 3:2:1 

(d 3:1:2 
z is a complex number of unit modulus and 
argument 0, then arg (7-2 122) equas: 12013] 

л 

@ -0 (b) 2 0 
(© ө (d 2-0 


Ifz isa complex number such that |z| > 2, then 


the minimum value of |? 


[2014] 


5 
(а) isstricily greater than 7 


44. 


45. 


46. 


47. 


48. 


3 5 

(b) is strictly greater than > but less than > 
: 5 
(c) isequalto Z 


(d) liein the interval (1,2) 
If ae R and the equation 


-3(x- 

denotes the greatestinteger < x ) has no integral 

solution, then all possible values ofa lie in the 

interval: 12014] 

(а) (-2-1) 

(5) (—=,—2)6(2,®) 

© (-1,0)U(0.1) 

(d) (12) 

А complex number z is said to be unimodular if 

lz| - 1. Suppose z, and z, are complex numbers 
z-2z, 

such that 2 


[x] «2(x-[2]) +a? = 0, (where [x] 


is unimodular and z, is not 


unimodular. Then the point z; lies on a: [2015] 
(а) circleofradius 2. 

(b) circleofradius 2. 

(c) straight line parallel to x-axis 


(d) straight line parallel to y-axis, 
Let a and В be the roots of equation x? 6x — 2 — 


Ifa, =o В", for n > 1, then the value of 

Ыы... is equal to: [2015] 
2a, 

(а) 3 ( -3 

(c) 6 (d) -6 


The sum of all real values of x satisfying the 


х?+4х-60 


-lis: 


equation (х2-5х+5) 
(a) 6 
(c) 3 


12016] 


A value of @ for which 


imaginary, i 
sin !| 25 
@) 4 


(c) 


EI 
E 
| 


Complex Numbers and шаа dile йөк 2OKS-IN 


49. If, for a positive integer n, the quadratic 
equation, x(x + 1) +(х+1)(х+ 2) +. 


+(x+ n—1) (x +n) =10п hastwo consecutive 
integral solutions, then n is equal to: [2017] 


fa) П (b) 12 
(c) 9 (d) 10 
50. If a, ВєС are the distinct roots, of the equation 
x?-x+1=0, then 019 46/97 is equal to: 
[2018] 
(a) 0 (b) 1 
(c) 2 qd) -1 


51. Letp.qe R. If 2-3 isarootofthequadratic 54. 


equation, х2 + px + а= 0, then: 12019] 
(а) р?-4а+12=0 (b) q?-4p-16-0 


(c) @+4p+14=0 (d) р”-44-12-0 
52. Let 


n ерше! БУ! 
I3 US ‘is purely imagina 
Пан" Бин” // 


м-17 


Then the sum ofthe elementsin А is: [2019] 


5n 


(a) Е (b л 
Зл 2x 
0O © 5 


Let о and В be two roots of the equation 

x? 2x- 2 - 0, then 015 + В! is equal to: 
[2019] 

(b) 512 

(с) -512 (d) 256 


Тего and В be two real roots of the equation 
(k +1) tan?x — 42. X tan x = (1 — k), where 


A(# -1) and Xare real numbers. Iftan2(a+ B) — 50, 


then a value of À is: 12020] 
@ 10/2 (b 10 
© 5 @ 542 


Answer Key 


25 


cC Solutions 
1. 
e where 0-- ф= л. 
eft gb неф. 3. 
ЇГ land o = re] 
2. (с) Giventhat|z-4| | 
Letz-x- iy 
=> |(х-4)+1у)|<|(х—2)+%у| 


= -4P +y 400-20 +2 


22 -80+16<52 Ax +4 = 12<4х 
= х>3 = Re(z)>3 
(b) Letthe circle be 


^. Then according 


“0! 
to given conditions p-z,|-r*a (i) 
ю—2› li) 
Subtract (ii) from (i) 


we get zz] 
2. Locus of centre zy is Z-z; 3 
=a — b, which represents a hyperbola, 


м-18 
4. 
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(а) Given that c? = 5a Запа В2 - 5p. 
=> a & f are roots of equation, x? 
огх?—5х+3=0 
ла+В =5апі ap-3 


а 
Thus, the equation whose roots аге ту 


B 


and — is 
a 


19x +3=0 


or 3x? 
(а) Let a and р are roots of the equation 
x? + ax + b =0 and ү and 8 be the roots of 
the equation x? + by + a = 0 respectively. 
у. @+B=-a, a= bandy+8=-b,yd 


Given |o.~B|=|y—3| = (a—B)?=(y—-8P 
=> (0+ BP—4ap = (y+ 8? 418 
42-45-12-4а 
= (02-12) а by-0 
> а+ь+4=0(а= Б) 
(а) Product of real roots 


5 19. 
===> 0.УгєА 
a ү 


2. Product of real roots is always positive. 


Ifq=0, then 
огр= 1, then g 


@ |29 21219291 
Агр(®®) = arg(Z) + arg(o) 


=-arg(z)+argo = 


[~ arg(=) = —arg(z)] 
стТө--1 
(d) Giventhat Z? « aZ «b- 0; 
+25 =-а& 125 = 
0, 21,2 forman equilateral triangle 


nO ez zy OZ EZ ZU 


Mathematics 


(foran equilateral triangle, 
Z? +Z? +Z? AZemnmenz 


=> 2742) =Z 
> (Z*Zy-3AZ 
а? =3b 


10. (5 Given that 


| 


(1-2 хай + 
Wr =1: гу х=; nel 
1+1 


11. (b) Let oneroots of given equation be a 
2. Second roots be 2a then 


Ao o A 1-34 _ 

1-3a 
mui. 
3a 5а+3) 


and а.20-202 = 


„1 0 

` "| 9 (a? -5a+3) 5а+3 
[from (01 

——À—-9 

(а? -5a3) 

= 9a? -ба+1 = 9a? - 45a 21 


=> 390-26 =а=2 


12. (c) Giventhat 
»2-0-4х8-3|1х(42-0 
125 х=+1,+2 
No.of solution 
13. (c) Given that arg zw 


=>arg z+argw 
F+iv=05F 
Replace i by -i, we get 


iw => arg 


2 +аг 
E gw 
; E 
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Sarg z= +n-arg = (fom) 18. (а) Given equation is x? -(a-2)x-a-1 =0 
=> asf-a-2: a B7 -(a1) 
лаг z=% a? +B? - (a B? -2ap 
1 = а -2a*6- (a-1y +5 
14. (а) Giventhat 23 = p+ig For min. value ofa? f a- 1-0 
> ak 


22 p юү Ч, Р 
эзер щи) узди) 19. © —(х-1#+8=0 => (x-1)- (22) 077 


a P -3pq? +(3р?д—4°) 
Comparing both side, we get 


2or -20 or -20° 


эх 
orx=—Lorl=2@ or 1-207. 
20. © 12432 


гз are collinear and are to the same side 


=p?-3¢ d) 


-|a|*[z2] > z and 


and у= 43 -3p!q 2. 
а oforigin: hence arg 2; —arg 2 =0. 
Adding (i) and 


21. (€) Given that w 


— distance of z from origin and point 
IC i is same hence z lies on bisector of 


the line joining points (0, 0) and (0, 1/3). 
Непсе 2 lies on a straight line. 


LII y 
16. (c) Letthe second гоо! be a. 
Then a +(1- p)- -p« --1 
Also a(l- p) 
—»(a-Dü-p 
1. Roots are о = -1and 1- p=0 


22. 0) в (2) 2) are the roots of 


ах e bxc 0 


17. (d) Giventhat4 isa root of x? + рх+12=0 
3 16+4p+12=0> p2 -7 


Now, the equation x? + py q =0 
has equal roots. 

2 
= р1-4=0әд=®^-= 
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м-20 
23. ©) 
м. @ 


1-© 
а 
= —b=a-c > с=а+Ь 
Given that both roots of quadratic 
equation are less than 5 


25. 


then (i) Discriminant > 0 
AR 402+ k—5)> 0 
A. —4k2 — AK 2020 
Aks20— 055 
G) 850 
—/0)»0:25-10k* 2 -k-520 
= -9к+20>0 
=> k(k—4) 5(k-4)>0 
= (k-5)(k-4)>0 
+ 


= 


4 5 
= ke(-9,4)U (5.9) 


Sum of roots 
eS 


(iii) 5 


DON 26. b) 
э к<5 

Theintersection of (i). (ii) & (iii) gives 
ke(-2,4). 


2 


ak 
(on? -isin 222) » 
H 11 © 


[--e® = cose isine] 


-m, ^ 
ille 1 +e 11 +... 11 terms |-i 


^. Thegivensum- 1+1 +4+1+1+4 


Given that х2 + pxq =0 
Sum of roots = tan30? + tan15° = 
Product of roots = tan30° . tan15* 


30° + tan15° 
— tan30°.tan 15° 
=>- p=l-q > 4-р=1 


-p 
1-4 


. 2+4-р=3 


Given equation is 2тх+т?-1=0 
=> (х-т)?-1=0 
=> (х-т+1(х-т-1)=0 
=> х=т-1,т+1 
т-1>-2 and m+1<4 
= т>-1 and m<3 > —1<т<3 
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28. 


29. 


30. 


31. 


32. 


33. 


(а) 


© 


b 


12+11=[2+4-3| 
< |z+4]+|-3| 131+ [1-3] 

=> |т+1|<6 = |z*lly 76 

Let a and аге roots of the equation 

х2 Бах 1-0 

a + В =—aand aß =1 


Given that |a - B | 545 


= (о +В)? - 4ap « V5 


( (-B? = (a+p)? ав) 
= Va? -4<V5 = а02-4<5 


=> а42-9<0 = @ <9 > -3<а<3 
> a e (3,3) 

(13 1 1 1 

171) 5 
Let the roots of equation x? — 6x + a=0 


be о. and 4 B and that of the equation 
х?-сх+6=0 bea. and 3 p Then 


1+1 


= a=8 (from (ii) and (iv)) 

1. The equation becomes х2 6х+ 8=0 
(x-4)-0 

ind 4 

> a@=2,B=1 г Common rootis 2. 
Giyen that roots of the equation 

bx? + ex + a - are imaginary 

c?-4ab <0 wd) 

Let у = 322 6bex 2 
3PX e6bex*2c-y 
Asxisreal, 020 
36/262-1252(262-у) 20 
1282 (3с2-262-уу2 0 [v 5220] 
e+y20 >y 

But from eqn. (i), c? « 4ab. or c?» —4ab 
we get y2— c? » — dab 

y>—4ab 


2 
2-0? 


Given that 


M-21 


-@+./5)) (lz|-0- y5) <0 
& А 

(1-45) 0-43) 

= (-V5+1) < |2] <(45+1) 


=> [2] max =V5+1 


34. à) Let z=x+iy 
Е-|-яифэ(х-18 +52 = oe?! ey? 
=> x=0 = Rez- 

s(x- ey =x +(y-1)? 
| (xt DP +y? =x «(1 

= Number of complex number z = 1 

эз. ® lealea 
2 

61200 , 9. 209 4 (4992009 
ca! caa] 68-14 
36. (c) Since both the roots of given quadratic 


equation lie in the line Re z= 1 i.e. x — 1, 
hence real part of both the roots are 1. 
Let both roots be 1 + ia and 1 ~io 
Product of the roots, 1 + a? = В 


“of +121 
2 B21 = Be) 


39. 
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@ 


ха -а! 20 = 02) 40. (а) 


1 +o0=A+Bo 
=>A=1,B=1. 
Let the correct equation be 


а? +bx+e=0 
Now, Sachin’s equation 


ax +bx+c'=0 
Given that, roots found by Sachin's are 
4and3 
b 
=> -—=7 40) 
а 
Rahul's equation, ax? +b'x+c =0 
Given that roots found by Rahul’s are 
3and2 


а. @ 


og 
a 
From (i) and 


2 


NI 
(ii), roots of the correct 


equation x 
р(х)=0 


> Д(х)=д(х) 

= ах жхжс-ах +hxtq 
= (а-ар *(b-h)x* 
It has only one solution, x —— 1 

=>  b-h-a-a*c-e (i) 


где 


сар 


-7x+6=0 are6and 1. 


Sum of roots 


- fc2- "T 2 

= 40-26 ca +26) oe 2 
= 4(a-aj)-2(0-b) *(c-c)-2 
From equations, (i), (i) and (ii) 


а-ар-с-с 


1 
Х0-8)-2 


Now, p(2) = f(2)-g(2) 
= 4(a-a)* 2(b- bh) (c7) 
-84842-18 


44. © 


z 


o |z? =z = 
represents a circle passing through origin. 
Given equations are 
+2x+3=0 
ax? + bx + 
Roots of equation (i) are imaginary roots in 
order рай 
According to the question (ii) will alsohave 
both roots same as (i). Thus 
a bc 
1 2^3 2. (say) 
=> a=% b=, 
Hence, required ratio 
Given |z|=1,argz=0 


We know minimum value of |Z, + Zj| is 


241 
2 


11211-11. Thus minimum valueof 


1 
is ||Z|- S. «ач 


Since, | Z |> 2 therefore 


2-141 241 «3 

2 

3 |,,1] 5 
= 252155 
Consider —3(x [x] 2[x-[xp ^a -0 
— 3{х}?-2{л}-2—-0 
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45. 


Vu 


(а) 


м-23 


aio- 2ag 
2ag 


(avi)? -G- vit” -263+ ir] eo- nr) 


- iar ijo ano 
2 2 
> a =з(-2) 5 
13 
-1/3 2/3 


Now, {x} є(0,1) and 250 а 


(by graph) 


Since , x is not an integer 
a (-1,1)— {0} 
= a €(-1,0)U(0,1) 


47. 
(2 -225)(2 — 222) - Q- ziz3)2— 2125) 
Са 722305 - 2,)- 2 215) 73) 
(4) — 2225 - 2225 +42373 
НЬ 2 
АР = аа 
48. 


Point z, lies on circle of radius 2. 


— =3+/n 


a, B= 
а= 3+Vil,p=3-Vil 
sa (-41|-0-41| 


zem -8-411 | 


(ev) [op (м) [2- 6-47] 
30260) 8-00) 


(inf (9 т 67-2) (8-7) (2-9 eei) 


zoe] pp] 
6(3+vi1)’ -88-40| % 


2) (s+ vin)’ -(s-vii)’| 2 


O (х?—5х+5)* t0 =} 
Case I 
x?—5x+5=] and x? + 4x — 60 can beany 
real number 
—x-14 
Case II 
х2 -5х+5= 1 andx? + 4x — 60 has to bean 
even number 
ээх-2,3 
where 3 is rejected because for x = 3, 
х2+4х — 60 is odd. 
Case III 
x? — 5x + 5 can be any real number and 
x? +4x—60=0 
—x--10,6 
= Sum ofall valuesofx 
=-10+6+2+1+4=3 
(b) Rationalizing the given expression 
(2 3isin 0) + 2isin Ө) 
1+4sin70 
For the given expression to be purely 
imaginary, real part of the above expression 
should be equal to zero. 


-0 20-1 
3 


м-24 


49. 


50. 


51. 


52. 
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@ We have 


n 
У (кх+г-1(х+г)=10п 


rl 


n 
У о?+хг+(т-1)х+г^—г) =10n 
rl 


п 
У @?+(@2г-1)х+ц(т—1)) 210n 
rl 
—nmxibe (143454. *(n-0)]x* (12423 
+... +(n-1)n}=10n 
(п-1)п(п+1) _ 
3 = 


=> п?+п?х + 10n 


31 


=0 


Let a and @ + 1 be its two solutions 
(+: it has two consequtive integral solutions) 
=> a«t(atl)--n 


тэх m 


_-п-1 А 
а= 2 wi) 
Also а (9+1) = wii) 


Putting value of (i) їл (ii), we get 


-59-4 


> 2] ээл-11 
(b) a, Bare roots ofx?-x-- 1-0 


a --o and B--o? 
where c is cube root of unity 
GO 9191 (у! + (-2)7 


=-[в?+@] =-[-1]=1 

@ Since 2—43 is a root of the quadratic 
equation 
х?+рх+а=0 


2.243 is the other root 
= Sum of roots = 4, Product of roots = 1 


=p=4,q=1 
—»p-4q-12-16-4-12-0 
3-*2isin8 
(d) Suppose z = 


1 
Since, z is purely imaginary, then z+ = 
34 2isin8 isi 


ind 


nd 


Mathematics 


_› G+2isin®)(1-+ 2isin8) + 3—2isin @\(1 - 2isin8) 


1+4sin?@ 


Now, the sum of elements in A 


x nx 2л_2л 
тү = 
3 3-3 4 


53. (a) Consider the equation 


422-0 


Let 0--141,8--1-1 
-(1405-(1-08 


54. () (k+1)tan?x—V22tanx+(k-1)=0 
авахаар = 2 [Sum of roots] 


шашнаар 1 


т Product of roots] 


Уз. 


k+l 
k 


tan(a + В) 


ши (а4)-2- 50 


7у-10, 
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Linear Inequality 


If a, b, c are distinct +ve real numbers апд 3. 


@+P+2=1thenab+be+cais — [2002] 
(а) less than 1 (b) equal to 1 
(c) greater than 1 (d) anyreal no. 


Statement-2 :For every natural number n 22, 


piee asii лт+1у <п+1. [2008] 


If x is real, the maximum value of 2 
3x^ 49x47 


is 12006] 


(а) Statement-1 is false, Statement-2 is true 
1 (b) Statement -1 is truc, Statement-2 is truc; 
(a) л (b 41 Statement -2 is a correct explanation for 
Statement-1 
17 (c) Statement -1 is true, Statement-2 is true; 
© 1 (d) N Statement -2 is not a correct explanation 
for Statement-1 


(d) Statement-1 is true, Statement-2 is false 


cC Solutions > 


(а) (a-b? + (b-c + (с а)2>0 
=> 2a? + b? cà - ab- be -са)>0 2 b 
(гаа 


=> 2>2(ab+be+ca) = ab+bet+ca<1 


(y-1)+9x(y-1)+7y-17=0 


D20 + xisreal 


WWW.JEEBOOKS.IN 


Mathematics 


M-26 


b) 


SI(y-1? —4x3(y -0(7y -17) 20 
=> (у-1(у-41)<0 
> 1<у<41 

улы з 


1 41 


2. Max value of yis 41 
Given that statement 2 is 


Ann <п+1,п>2 

= Vn < Мп, п> 2 whichis true 

= V2 <V3< V4 <V5<------— vn 
wi) 


m= > (fom) 


Now 42« PE 


eh 2 (from (i)) 
1 
vns "RE (from (i) 
ils Ш 
Also > 
TEE 


Hence both the statements are correct 
and statement 2 is a correct explanation 
of statement-1. 


3. 
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Permutations and 
Combinations 


Total number of four digit odd numbers that can 
be formed using 0, 1, 2, 3, 5, 7 (using repetition 


allowed) are [2002] 
(a) 216 (b 375 
(c) 400 (d) 720 


Number greater than 1000 but less than 4000 is 
formed using the digits 0, 1, 2, 3, 4 (repetition 


allowed), Their number is 12002] 
(а) 15 (b) 105 
(c) 375 (4) @5 


Five digit number divisible by 3 is formed using 
0, 1, 2, 3, 4, 6 and 7 without repetition. Total 


number of such numbers are 12002] 
(а) 30 (b) 3125 
© 120 (d) 216 
The sum of integers from 1 to 100 that are 
divisible by 2 or 5 is 12002] 
(а) 3000 (b) 3050 
(c) 3600 (d) 3050 


If "C, denotes the number of combination of n 
things taken r at a time, then the expression 


"C, 43" C, р 2x" C, equals 12003] 
(a) mG) (b) "с, 
Сэм (d) "'c,. 


A student is to answer 10 out of 13 questions 
in an examination such that he must choose at 
least4 from the first five questions. The number 


of choices available to him is 12003] 
(a) 346 (b) 140 
(c) 196 (d) 280 


Thenumberof ways in which 6 men and 5 women 
can dineat a round table ifnotwowomen are 
to sit together is given by 12003] 
(a) 61х5! (b) 6*5 
© 30 (d) 5x4 


10. 


п. 


12. 


22 


How many ways are there to arrange the letters 
in the word GARDEN with vowels in 


alphabetical order 12004] 
(a) 480 (b) 240 
(c) 360 (d) 120 


The number of ways of distributing 8 identical 
balls in 3 distinct boxes so that none of the 


boxes is empty is 12004] 
(а) *c, (b) 21 
© 38 @ 5 


Ifthe letters of the word SACHIN are arranged 
in all possible ways and these words are written 
out as in dictionary, then the word SACHIN 


appears at serial number 12005] 
(a) 601 (b) 600 
(c) 63 (d) 602 


Atan election, a voter may vote for any number 
of candidates, not greater than the number to be 
elected. There are 10 candidates and 4 are of be 
selected, if a voter votes for at least one 
candidate, then the number of ways in which he 


can vote is 12006] 
(a) 5040 (b) 6210 
(c) 385 (d) 1110 


Theset S = (1,2, ., 12} is to be partitioned 
into three sets A, B, C of equal size. 
Thus4 UBUC=S, 


AM B=BAC=ANC=6. The number of 
ways to partition S is 
12! 


[2007] 
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13. How many different words can be formed by — 19. Assuming the balls to be identical except for 
jumbling the letters in the word MISSISSIPPI in difference in colours, the number of ways in 
which no two S are adjacent? 12008] which one or more balls can be selected from 10 
(а) 8.°C,.7C, (b) 67.5C, white, 9 green and 7 black balls is : 12012] 
© 6.8.7C,. (d) 7.5C,.*C, (а) 880 (b) 69 
14. From 6 different novels and 3 different (c) 630 (d) 879 
dictionaries. novels and | dictionaryaretobe 20. Let A and B be two sets containing four and two 
selected and arranged in a row on a shelf so that elements respectively. Then the number of 
the dictionary is always in the middle. Then the subsets of the set A х B, each having at least 
number of such arrangement 15: 12009] three elements 18: [2013, 2015] 
(а) atleast 500 but less than 750 (а) 275 (b) 50 
(b) atleast 750 but less than 1000 (c) 219 (d) 256 
(c) atleast 1000. 21. The number of integers greater than 6,000 that 
(d) less than 500 can be formed, using the digits 3, 5, 6, 7 and 8, 
15. There are two urns. Urn A has 3 distinct red without repet 8 12015] 
balls and urn B has 9 distinct blue balls. From @ 120 ът 
each urn two balls are taken out at random and 
then transferred to the other. The number of ways (c) 26 (d) 197 
in эше this сап be done is 4 12010] 55 fall the words (with or without meaning) having 
@) Mi five letters, formed using the letters of the word 
(c) 108 (d) 3 MAE MB elu is di ndn 
16. Statement-1: The number of ways of distributing К? end arranged as in a dictionary; then the 
10 identical balls in 4 distinct boxes such that no Пп chine weed SMALL IS: [2016] 
box is empty is °C, . @ sm O 588 
Statement-2: The number of ways of choosing (c) 46 . (d) 59 1 
any places from 9 different places is Су. 23. Aman X has 7 friends,4 of them arc ladies 
Bou] and3 аге men. His wife Y also has 7 friends, 3 
(а) Statement-1 is true, 5іаіетеб 245 true; of them are ladies and 4 are men. Assume X 
Statement-2 is nota correct explanation for and Y have no common friends. Then the 
Statement-1. total number of ways in which X and Y 
(b) Statement-1 is true, Statement-2 is false. together can throw a party inviting 3 ladies and 
(c) Statement-1 is false, Statement-2 is true. 3 men, so that 3 friends of each of X and Y are in 
(d) Statement-1 is true, Statement-2 is tru this party, 18: [2017] 
Statement-2 is a correct explanation for (a) 484 (b) 485 
Statement-1. (с) 468 (d) 469 
17. Statement - 1: For each natural number п, 24, From 6 different novels and 3 different 
(n+ 1)7-07 – Lis divisible by 7. dictionaries, 4 novels and 1 dictionary are to be 
Statement - 2 : For each natural number selected and arranged in a row ona shelf so that 
n,n’ —n is divisible by 7. [2011 RS] the dictionary is always in the middle. The 
(a) Statement-l is true, Statement-2 is true; number of such arrangements is : [2018] 
Statement-2 is a correct explanation for (а) less than 500 
Statement-1. (b) atleast 500 but less than 750 
(b) Statement-l is true, Statement-2 is true: (c) atleast 750 but less than 1000 
Statement-2 is NOT a correct explanation (d) atleast 1000 
Piste T Ер 25. А committee of 11 members is to be formed from 
a ова. ое Raamat ише 8 males and 5 females. If m is the number of 
18. There are 10 points in a plane, out of these 6 are Ways He comimos ts tines with At least 6 


collinear. If N is the number of triangles formed 


by joining these points. Then : [201185] 
@ м<100 (b) 100< № 140 
(c) 140«N «190. (d N>190 


males and n is the number of ways the committee 
is formed with at least 3 females, then: [2019] 
(a) m+n=68 (b) m 
() n=m-8 (d m 


Permutations and Combinati 


26. 
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Consider a class of 5 girls and 7 boys. The 7, 


number of different teams consisting of 2 girls 
and 3 boys that can be formed from this class, 
if there are two specific boys A and B, who 
refuse to be the members of the same team, is: 

12019] 


(b) 200 
(d) 350 


Answer Key 


Total number of 6-digit numbers in which only 
and all the five digits 1,3, 5, 7 and 9 appear, is: 
12020] 


(b 6! 


5 
Ф 5%) 


14 | 15 


(c) | © 


1. 


4. 


@ | Го | «5 


cC 


Solutions 


(d) Total number of numbers formed using 
0,1,3,3,5,7 Л 
=5 x 6 x 6 x 4=36 х 20-720. 

(c) Total number of numbers 
-3х5х5х5-1-374 

(0) We know that a number is divisible by 3 
onlywhen the sum of the digits is divisible 


by3. The given digits are 0, 1, 2, 3, 4, 5. 6. 


the possible number of combinations 
digits out of 6 are $C, = 5, which are as 
follows- 

1+2+3+4+5=15=3 х 5(divisibleby3) 
0+2+3+4+5= 14 (not divisible by3) 
0+ 1+3+4+5=13 (not divisible by3) 
0+1+2+4+5=12= 3x4 (divisible by3) 
0+1+2+3+5= 11 (not divisible by3) 
0+1+2+3+4= 10 (not divisible by 3) 
Thus the number should contain the digits 


1,2,3,4,5 ог thedigits 0, 1, 2,4, 5. 1. 


Taking 1 
=5!=120 
Taking 0, 1,2, 4, 5, the 5 digit numbers are 
-51-41-96 
Total number of numbers = 120 + 96 - 216 
(b) Required sum 
=(2+4+6+...+ 100) 
+(5+10+15+...+ 100) 
(10+20+...+ 100) 
=2(1+243...+50)+5(1+2+3+...+50) 
—10(1+2+3+....+10) 
=2550 + 1050—530 =3050. 


, 4, 5, the 5 digit numbers are 


© "Ca "GL 2^6, 


С "C, "Cony 


[e re, "6, 25] 


DU ure "с 
(c) According to given question two cases are 
possible. 
@ Selecting 4 out of first five question and 
6 out of remaining question 


Су C, =140 ways 
G) Selecting 5 out of first five question 
and 5 out of remaining 8 questions 
=5С;хЁС; =56 ways 
Therefore, total number of choices 
=140+56= 196. 
(а) No. of ways in which 6 men can be arranged 


ata round table = (6 — 1)! — 5! 
M 
M M 
M M 
M 


Now women can be arranged in 5 Р, 
= 6! ways. 
Total Number of ways =6! x 5! 


п. 
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(c) Total number ofarrangementsofletters in 14. 
the word GARDEN = 6 ! = 720 there are 
two vowels A and E, in half of the 
arrangements A preceeds E and other half 
A follows E. 
So, numbers of word with vowels in 


1 
alphabetical order in =х 720 = 360 15. 


(b) We know that the number of ways of 
distributing n identical items among r 
persons, when each one of them receives 


at least one item is. "1С, | 


16. 
7. The required number of ways 
=*l¢, 
(a) Alphabetical order is 17. 


А,С,Н,1,М,8 

No. of words starting with A 
No. of words starting with C 
No. of words starting with Н = 5! 
No. of words starting with I= 
No. of words starting with N — 5! 

SACHIN- 1 
2, Sachin appears at serial по. 601 
(c) The number of ways can vote 


= 10, +10С, +G 


=10+45+120+210 = 385 
@ Sets 
AUBU 


2. Each sets contain 4 elements, 
л, The number of ways to partition 
LUC x8C,x4C, 


(4! 
(d) First let us arrange М,1,1,1,1,Р,Р 


: >- i 
Which can be done in zry ways 


*M*l*]*]+]# Papa 
Now 4 S can be kept at any ofthe * places 
in 5C, ways so that no two S are adjacent. 
Total required ways 


(©) 4 novels, out of 6 novels and 1 dictionary 
out of 3 can be selected in °C, x3¢, ways 
Then 4 novels with one dictionary in the 
middle can be arranged in 4! ways. 

2. Total ways of arrangement 
= 5c, хс) x41 = 1080 

(c) Twoballsare taken from cach urn 

Total number of ways = ЭС, x °C 


9x 


=3x 8 1 3x36 - 108 


(a) The number of ways of distributing 10 
identical balls in 4 distinct boxes 
» 


= lc, | 


(8) Statement2: 
P(n):n! =n is divisible by 7 


Put n=1, 1-1 - 0 is divisible by 7, which 
is true for 

Let n- k, P(k) :K — kis divisible by 7, 
true for =k. 

Put n=k+1 


P(k+1):(k+1)' - (k+l) isdiv. Бу? 
В+ D: +1C KÉ + TCK +... 7С 
*1-k- Lis div. by7. 

Pc 1): (Kk) + (TC kÉ + 7С, +.. 
7 CK) is div. by 7. 

Since 7 is coprime with 1, 2, 3, 4, 5, 6. 
So 7C, 7 C, Сагсай divisible by7 

P(k-+ 1) is divisible by 7, it is also true 
forn=k+1 
Hence P(n) : п7— n is divisible by 7 
Statement 1 : п? —nisdivisible by 7 


= (n+1)’ (n+) is divisible by7 


) 


э (т+1-п7-1+(я7 


is divisible by 7 
— (nel) -n -1is divisible by 7 


Hence both Statements | and 2 are correct 
and Statement 2 is the correct explanation 
of Statement -1. 


Permutations and Combinati 


18. 


19. 


20. 


21. 


22. 


23. 


(а) Number ofrequired triangles = "C, —5 С, 


“10х9х8 6x5x4 (5) 20100 
6 6 
(d) Given that number of white balls = 10 
Number of green balls - 9 
and Number of black balls = 7 
г. Required probability 
0+1)(9+1)(7+1)-1 
=11.10.8-1=879 
[~ The total number of ways of selecting 


one or more items from p identical items of 


one kind, q identical items of second kind; 
r identical items of third kind is 
(p* D(q* D(p-D-1] 
(c) Given 
n(A)= 4, (B) 7 2, n(A « B) - 8 
Required number of subsets 
* SC, 8804728 - 80, - 8C, 


56-1-8-28-219 
(d) Four digits number can be arranged in 
3 x 4! ways. 
Five digits number can be arranged in 
5! ways. 
Number of integers =3 x 41+ 5! = 192. 
(b ALLMS 
No. of words starting with 
4! 
Ar А0 
Li 
M: 
М 
SMALL > 58" word 


4 ladies 3 ladies 
o x Ч 
3 men 4 men 


24. 


28. 


26. 


27. 
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M-31 


Possible cases for X are 

(1)3 ladies, Oman 

(2)2 ladies, | man 

(3) 1 lady, 2 теп 

(4)0 ladies, 3 теп 

Possible cases for Y are 

(1) 0 ladies, 3 men 

(2) 1 lady, 2 men 

(3)2 ladies, | man 

(4) ladies, Oman 

No. of ways = “С, . 3C, (5C, 3C? + 
AC, 30,2 + GC, 

= 16+324+ 144+ 1=485 

2. Required number of ways 

= Cy x FE) x4! 

-15х3х24-1080 

Since, m= number of ways the committee 
is formed with at least 6 males 

EAC, IC, C, Сн, IC, 78 

and n = number of ways the committee is 
formed with at least 3 females 

-3С, 9C, +С, C, 5C, C, 78 

Hence, m= n - 78 

Since, the number of ways to select 2 girls 
580, 

Now, 3 boys сап be selected in 3 ways. 
Selection of А and selection of any 2 
other boys (except B) in °C, ways 
Selection of B and selection of any 2 two 
other boys (except А) in *С, ways 
Selection of 3 boys (except А and B) in °С, 
ways 


Hence, required number of different teams 
=C, 6C, 5C, 5C, 2300 


@ 


Five digits numbers be 1, 3, 5, 7, 9 
For selection of one digit, we have *C, 
choice. 


6! 
‘And six digits can be arrange in = ways. 


Hence, total such numbers = 
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Binomial Theorem 


(8) 


The coefficients of x? and х9 in the expansion of 
(Lex y" are [2002] 
(a) equal 

(b) equal with opposite signs 

(c) reciprocals of each other 

(d) none of these 

Ifthe sum of the coefficients in the expansion of 
(a+ b)" is 4096, then the greatest coefficient in 


the expansion is 12002] 
(a) 1594 (b 72 

(c) 94 (d) 2904 

The positive integer just greater than 

(1 +0,0001)!00 js 12002] 
(a) 4 (b) 

(c) 2 (d) 3 


rand n are positive integers r> 1, n > 2 and 
coefficient of (r+2)' term and 37“ term in the 
expansion of (1 + х)?” are equal, then т equals 


12002] 
(а) 3r (b) 3r*1 

(с) 2r (4) 2r*1 

If х is positive, the first negative term in the 
expansion of. (1+ х)27/ is 12003] 
(a) 6thterm (b) 7thterm 

(c) Sthterm (d) 8thterm 


The number of integral terms in the expansion 


of (3 +%$)756 is 12003] 
(a) 35 ©) 32 
(с) 33 (d) 34 


The coefficient of the middle term in the binomial 


expansion in powers of x of (1--ax)* and of 


(1 —ax)* is the same ifa equals [2004] 
3 10 

а = € > 
-3 -5 

© w o> 


10. 


п. 


52 


The coefficient of x" in expansion of 


(1+ х)(1— x) is [2004] 
(а) (—" !n 0) (-D"ü0-2) 
(€) Da- @ (7-1) 
А 6 
The value of 9C, + È 567"C, is [2005] 
r-l 
(а) С; (b) 9c, 
© tG D Cy 


11 
If the coefficient of x^ in [=*+(3)] 
bx 


11 
equals the coefficient of x77 in С E (5) 2 
n 


then a and b satisfy the relation [2005] 
(a) а-9-1 (b atb=1 
a 
PLI d) ab-1 
o3 (d) а 
If x is so small that x^ and higher powers of x 
3 3 
3 гү 
(+x)? (+) 
may be neglected, then 52 
а-х)? 
may be approximated аз 12005] 


@ 1-2,2 O xig 
8 8 


Binomial Theorem 


12. 


17. 
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For natural numbers m, nif (1- y)" (1+ у)" 


-daytayy +... and ар = а = 10, then 
(m,n) is 12006] 
@) (20,45) (b) (35.20) 
(c) (45,35) (d) (35,45) 


In the binomial expansion of (a — b)”, п 25, the 
sum of 5" and 6^ terms is zero, then a/b equals 
12007] 


(a) (b) 


(o) 


(d) 


(а) 0 (b) 


1 
© 20, @ 5 


Statement -1 : Ў (r1) "C, =(n#2)2""1. 
r=0 
Statement-2: 


п 

Yt) "Ca^ = (x) mo ex)". 

r=0 

[2008] 

(a) Statement -1 is false, Statement-2 is true 

(b) Statement -1 is true, Statement-2 is true: 
Statement -2 is a correct explanation for 
Statement-1 

(c) Statement -1 is true, Statement-2 is true; 
Statement -2 is not a correct explanation 
for Statement-1 

(d) Statement -1 is true, Statement-2 is false 


The remainder left out when 82” — (62)2""! is 
divided by 9 is: 12009] 
(a) 2 
() 8 


10 
Let 5 = Y j-0" Cj, S; 
л 


12010] 


19. 


20. 


21. 


22. 


23. 


Statement-2: S, =90 x 28 and, =10х2%. 

(a) Statement -1 is true, Statement -2 is true ; 
Statement -2 is not a correct explanation or 
Statement -1. 

(b) Statement - is true, Statement -2 is false. 

(c) Statement -1 is false, Statement -2 is true. 

(d) Statement- 1 is true, Statement 2 is true : 
Statement -2 is a correct explanation for 
Statement -1. 

The coefficient of x7 in the expansion of 


(1-х-х?+3)5 is 12011] 
@) -132 (b) —144 
(c) 132 (d) M4 
Tfn is a positive integer , then 
2) 21 
(v3 +1)" -(VB-1)" is: [2012] 


(a) an irrational number 

(b) ап odd positive integer 

(c) ап even positive integer 

(d) a rational number other than positive 


integers 

The term independent of x in expansion of 
xl х-1 J" 

к эъ. is 2013 

(стт gura 

fa) 4 (b) 120 

(с) 210 (d) 310 


Let T, be the number of all possible triangles 
formed by joining vertices of an n-sided regular 
polygon. If T,,,; — T, = 10, then the value of 
is: [2013] 
(a) 7 

(c) 10 


(b) 5 
@ 8 


Хх {4"=3n-1 : nen} and 


Y -[9(n-1):ne N}, where N is the set of 
natural numbers, then X U Y is equal to: 
12014] 
@ X ©) Y 
() N (d Y-X 
The sum of coefficients of integral power of x in 


" 
the binomial expansion (1-2%) is: 


[2015] 
1 l (As 

@ 3" -1) œ z) 
1 lias 

© 38+) @ 5(3") 
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24. If the number of terms in the expansion of 27, Ifthe fourth term in the Binomial expansion of 
а)" 6 
(- 4) „х #0, is 28, then the sum of the хе) (x7 0) 1820 х 87 then a value of x 
x?) 
coefficients ofall the terms in this expansion, is : . 
(20161 s EU 
(а) 243 (b 79 @) 8 0) 8 
(c) 64 (d) 2187 (8 (d) 8? 
25. The value of 240 


Q!C, - !'C,) + CIC, - 10C) + (IC, - 1C) + 
C1C,- Cy) +. CC - Cis: [2017] 
210 (b) 22! -2! 
310 (d 220 29 


(а) 220 
e) zr 

26. The sum ofthe co-efficients of all odd degree 
terms in the expansion of 


Qe 215 + (x x3 -1)5 (x >1) 8: 
12018] 

(a) 0 (b) 1 

© 2 (d) -1 


28. If the fractional part of the number —— is 


k 
qs then К is equal to: 12019] 


(а) 6 (5) 8 


() 4 (d) 14 


29. Ifthe sum ofthe coefficients of all even powers 
of x in the product 


(Lease) (122+... ex?) 61, 


then n is equal to 


12020] 


(a) | (c) | (d) | (e) | (d) | (e) | (e) | (b) | (d) | (d) | (c) | (d) | (b) | (d) | (b) 

16 [17 (18 [19 [ 20 | 21 [22 [23 | 24 [25 [26 [27 | 28 | 29 

(a) | (b) | (b) | (a) | (6) | (b) | (b) | Cc) | (b) | (а) (6) | (b) | (b) [BO 

cc Solutions 25 

L @ We know that 1, , , -7* 4C, x? and (av 
NELLO 3. @ (00009999 = |11) ‚п=10000 
4 9 п. 
P*4Q,- P* 4C, [ Remember "C,="C,_,] 1 

2. (e) Takea- land b=1 in (a-- b ata 7D оли АЕ). 1. 
2"=4096=212 = n -12; "йт %# тт 


The greatest coeff = coeff of middle term. 
So middle term = 7. 

= = 120 g5p6 
> ty = tg 4 = СЬ 


= Coetf of t 


I 


(9999)! 


Binomial Theorem 
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4 © 5776, 
Given that, "C, || 2 ?"C,, ; 
= rt1+3r-1=2n 


=> 2n=4r > n=2r 


mo, үхэл! 


2 "09-0002 


5 @ Та 2 


For first negative term, 
n-r+1<0>r>n41 


253, 
5 


Therefore, first negative term is Ту. 


& © Та = 256С,(5/3)256-" 45)" 
" 256-r 
236643 2 (58 
Terms will be integral 226-762 both 
are +ve integer. It is possible if r is an 
integral multiple of 8 and 0 < r < 256 
.r-33 

7. (© Themiddle term in the expansion of 
(L-ox)* = Т, =* Co (ax)? = бох? 
The middle term in the expansion of 
(17a = Ty =f C, (ax) = 20033 
According to the question 
бад = 20а жо =-5- 

10 
8. (b) Coeff. of x^in( Ix) (1 x)" 


= coeff of x" in 


(1-3) Ср" Cx? ("Сх") 


-CU"C, +0" "C, , 


=D" +n 


=(-)"(-n) 


6 
э. S 570 
ral 


So gag 4 Be. Sic 
= 50,4 | CET 6*"6*^6 

* Яс, „50, 
+ G+ С 


[76 64-16] 


Slc, +? с, 49 с, Ч суу" с, 


= e e? 


су 

+? с, +59 С, +54 с, +55 с, 
Proceeding în the same way, we get 
= 8c, 455 c = c, 


10. (d 7,1 inthe expansion 


11! 2 гү 
ar +— “сай (1H) 
bx bx 


=e, (a) 177 (p) 7 (ay 
For the Coefficient of x7, we have 
22-30-27 2 r-5 


~- Coefficient of x7 
-"сцау (ву? EU 


Again T „, , in theexpansion 


= c(a)" (by? (xy 
For the Coefficient of x 7, we have 


Nowll-3r--7 = 3r=18 => r=6 


^. Coefficient of x~7 
=!!С a x1x (by 6 40) 


+ Coefficient of x? = Coeflicient of x7 
From (1) and (2), 


л Mes (а)6 (Бу? = 1С, a? x (b) 9 
жаһ=1. 
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Ш. (c) - x} and higher powers of x may be 4 
neglected па" EXE 
5a 
[7220,50] 
1 b = 
-2 ag 4 n 
n-4 5а b 5 
14. (d) Weknowthat, (1+x)20= 20€, 20€ x+ 
20С, x2 +... 200, oes. 100, x20 


12 ®© (-"04»" 
-[I- "Cyt "yy -..... 
[1+ "Cyy+ "Cy? + 
=1+(n-m)y+ 
А ар=п-т=10 0) 
and а tw -m-n-2mi _ 14 
2 2 
(m-n)? -(m* n) 2 20 
=> m+n=80 i) [from (i)] 
Solving (i) and (ii), we get 
7 m=35,n=45 
13. @ Т, = (1). "C, (a)"-". (by is an 


expansion of (a — 6)" 

Sth term =t; = t4, 
= (-1)4. "С (а) (Б) = "Cy. a4. bt 
6th term = t6 = t544 = (C19 "C, (ат (b) 
Given t5 1,70 


a "Су. аА pA e OC, at 65) =0 


m a a т 


а"? 
= A -_* = 
4(п-4)1 аА 5(л—5)! 


Put x = -1, (0) = 2065 — °C, + 20С, – 
20С, +. МШЕ Сү, ....+20C,, 
=> 0 - 2p?6, C, + 20c, - 200, 


tes 72969] + Cig 


= 936, = 2096, - 2*6, + 296, - 200, 


uem! 


> "c 00 + Cy 30 +. + 


1 
2c = 1 29 
Cio 7 5 Со 


15. (b) Fromstatement 2: 


п 
Хус, 


п п 
Xr +y¥ "G2" 
70 r=0 r=0 


Pado ix +x)" 


п 
= У C, a эн 
ral 


= nx (1+) "1 +(1+x)”=RHS 
2. Statement 2 is correct. 
Putting x = 1, we get 


n 
Mente, 2n 27 42 2 (n+2):27, 
7-0 


2. Statement | is also true and statement 2 
is a correct explanation for statement 1. 
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Binomial Theorem 


16. (а) (8)9"-(62)2n*! 
= (64)" — (62)2"+1 


= (63 + 1)" (63 1*1 


- ЕЛ (63)" + "G (63) "C, (63)? 


20. 


+ "C, (6+ "C, | 


Ta (63 — mig (63)2" 


rc, (gari. 


„+ Cay nuc ч] 


=63х l'o (63)! + "С, (63? "C, (6зу 2 
63x 


ane, 1 


=63 х some integral value +2 
Hence, when divided by 9 leaves 2 as the. 
remainder. 


+ "Cy ]+1 


те = 20416, gay 5 


17. ©) 


=10[° Co + 99 +--+ ° Co J= 10.29 
(l -x-8 33) =[(1-x) 2 (1 -xÉ 

-(1-3)6 (1-33 

=(1—6x + 152-208 + 15x* - 6x5 x5) 
x (1-62 153 - 20x6 + 15x8 — 610.12) 


Coefficient of x7 - (- 6) (-20) + (-20)(15) 
+(-6)(-6)=—144 


Consider (V3+1)"" -(V3-1)" 


18. (b) 


19. (a) 


-Р © (syn +с, (p 
+20; (ay + Ын 3 


+ (a+ by (а Бу" 


21. 


22. 


© 


(b) 


ШЕ, 


= 2" Ca" b+ "Ca" 3. 
= which is an irrational number. 
Given expression can be written as 


i 


a Vedan 


(rfe 


е1 


| (аз) +в (Je 


= 3 улгу 

General term =T, 

= 10C, Krty 
wr I 

=C x? (Cy x? 


-"сд-у x 


Term will be independent of x when 


=> r=4 
So, required term = T, = 1C, -210 
We know that, 


T,7"C,2 T, 
Ато, Toa Tp 


се 


ЕН 
"С, 3"]-3п-1 
=9 PC, HC, 34... C, 72] 

7.4" 3n- 1 is a multiple of 9 for all n. 


-3)-1 
E D D 2 
Сун алс, эн 


=(1+3)"— 


2 X= {x: xis a multiple of 9} 
Also, Y= {9 (п 1): EN} 
= {All multiples of 9} 


Clearly XC У. г. XoY-Y 
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23. (c) Weknow that (a + b)" + (a— b" => 2x5 +10x®—10x3 + 5x7 - 10x4+5x] 
= 2" Cah "Cy" 262 +" Сда" p] 2 Sum of coefficients of odd degree terms=2. 
27. 0) v Ty=20%87 
50 50 
(-2/х) +(1+2Vx) OM А 
-*a[2) х(х9 85) = 20 x8 
2[9 o 9 6 o xy + Cy OV). | i 
3 
—2[ 50, Stc. 52x 4 30e 9442 (.овьхү 
2[ ey + сууха 9c afa] SE | EN. 
Putting x = 1, we get, 
50056,2249 Oy bam ва 
23941 
ER Now, take log, on both sides, we get 
2 = 
24. (b) Total number of terms "2C, -28 (ogg llog) =2 — 
(n+2)(n+1)=56; n=6 Ree! orlog x? 
1 2 
—x- в "x 87 
7. Putx =1 in expansion ( 
2403 — 5400 , 93 
we get sum of coefficient = (1—2 4-4) =2%*100. 23 = (2400. g 
=36=729. =8(24)!00 = g(16)100 
j = 5)100 = 
25. (а) WehaveC!C, +210, +2100) Rugs) egets : 
fh 2 When 243 is divided Бу 15, then remainder 
= (MC, + 9C, 100 d E 
1 2 10. is8. 
"ACT ш 9 Hence, fractional part. of the number is 
18 сү s... 21 C,)) HAE 21 CJ] А 
( Жэ 10, 10, 10 E 
c MNA Tt ханы Therefore value of kis 8 
NE ^ E 29. (30) Let (I-x4x?.....22") (1 +x +x.. 
aw C 0 -aytaytay +... 
= (220.1) (210_ 1) = 220. 10 put x=1 
26. (c) Sincewe know that, 102п+ 1) гарт ay tay tov y, — 6) 
(х+а)5+(х—а)5 pu saat 


=2[5Cy x5 5C, хэ. a2 + 5C xa] 


balea («га 


=2[5С,х5+ SC, 3363 — 1) 5C x69 1] 


Qn*1)*17ay-aj*aj* 
Adding (i) and (ii), we get, 
An*2-Xay*ay*. 
=> 2п+1=61 >n 


WWW.JEEBOOKS.IN 


Sequences 
and Series 


If 1, log, (3172), log, (4.3*— 1)are in A.P. then 


x equals 12002] 
(а) log,4 (b) 1-log, 4 
(с) 1-log,3 (d) log,3 

The value of 2'4. 418, 81/16 ,, ois — [2002] 
(а) Т (b) 2 

() 32 (d) 4 

Fifth term ofa GP is 2, then the product of its 9 
terms is 12002] 
@ 256 (b) 512 

(c) 1004 (d) noneofthese 


Sum of infinite number of terms of GP is 20 and 
sum of their square is 100. The common ratio of 
ОРЬ 12002] 


@ 5 (b) 35 

(c) 8/5 (d) 15 

13—23 +33-43 4.1493 = 12002] 
(а) 45 (b) -425 

(с) 475 (d) -475 

The sum ofthe series [2003] 


- upto оо is equal to 


(b) 21og,2 


(с) log, 2-1 
Ifthe sum of the roots of the quadratic equation 
ах? +bx+c=0 is equal to the sum of the 


(d) log, 2 


КИИ ab 
squares of their reciprocals, then =,— 
c'a 


arein 


10. 


(a) Arithmetic -Geometric Progression 
(b) Arithmetic Progression 
(с) Geometric Progression 
(d) Harmonic Progression. 


п n 
1 


If $,7 У —— and t, = Y 


п 
r=0 с, 


r=0 
is equal to 
2n-1 
(a) (b) 
© n-1 (d zn 


Let Т, be the rth term ofan A.P. whose first term 
is a and common difference is d. If for some 


1 
positive integers m,n, m e n, T, —— and 
n 


1 
—, then a — d equals 12004] 


(b) 1 


(d) 0 


mn 
The sum of the first л terms of the series 


12 +222 +32 424? +5? 42.67 +... 


5 
" жу 4 А 
is CEDE When n is even. When n is odd the 


sum is 12004] 


м-40 


ин 


14. 
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Mathematics 
15. Thesum ofthe series 12005] 
п(п+) | (n+l 
[e] (5) 01) шар is 
nnl 3n(n+1) - 241 
0 == qu (а) — b) == 
3 2 Шил e ст 
"EM 
‘The sum of series —+—+—+.....is [2004] @ él (el 
4 8 Ne JA 
@ e є- 2 16. Let а, а.а... be terms on A.P. If 
2e 
А : заан tp P “Бшш, then 25. 
2. = atat. 
o 0220 @ e ) 12 аз 
2е 2 equals 12006] 
Let two numbers have arithmetic mean 9 and 
geometric mean 4. Then these numbers are the Ont © 2 
roots of the quadratic equation 12004] H 2 
(а) х2 -18х-16=0 2 
© 5 @ l 
() 22 -18x+16=0 4l 
Y 17. аа, a, arein H.P, then the expression 
() alee 160 aa, + aya, „+a, үй, is equal to 
(4) 22 +18х+16=0 [2006] 
Ifthe coefficients of rth, (r+ I)th, and (r+ 2)th @ na -a, (6) (n-1Xa -a,) 
terms in the the binomial expansion of (1+ y)" © лаа, (d (таа, 
are in A.P., then m and r satisfy the equation 
12005] : 1 
18. The sum of seriesz-—— +77 
dt deu T 2/35 4! 
@) яг-т(8г-( ий infinityis 12007] 
(Ы) m^-m(r-1)*4r «2-0 1 1 
2 2 e у 09-23 
() m -m(rr1)*4r? -2=0 е? е? 
2 12:15: (с) е? @ е! 
Ёо. залилан 19. Іпа geometric progression consisting of positive 
terms, each term equals the sum ofthe next two 
Ifx= terms, Then the common ratio of its progression 


b, c arein A.Pand ja|<1,|6|<1,|¢|<1 thenx, 
[2005] 


(c) Arithmetic - Geometric Progression 
(d) H.P. 


is equals 


45 


12007] 
(5-1) 


(a) (b) 


1 
Г 


© i(-45) o 1% 


Sequences and Series 


20. 


21. 


22. 


23. 


24. 


25. 
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The first two terms ofa geometric progression 
add up to 12. the sum ofthe third and the fourth 
terms is 48. If the terms of the geometric 
progression are alternately positive and 


negative, then the first term is 12008] 
(a) 4 (b) -2 
© 2 (d) 4 
The sum to infinite term of the series 
14248.,10 14 | iis 12009] 
3-3» от у 
(a) 3 (b) 4 
(c) 6 (d) 2 


A person is to count 4500 currency notes. Let a, 
denote the number of notes he counts in the n^ 
minute. If a, = a ...—a,,7 150 and ayy, дүр 
are inan AP with common difference —2, then the 
time taken by him to countallnotesis [2010] 
(а) 34minutes (b) 125 minutes 
(c) 135 minutes (d) 24 minutes 
А man saves 4200 in cach of the first three 
months of his service. In each of the subsequent 
months his saving increases by € 40 more than 
the saving of immediately previous month. His 


total saving from the start of service will be 
%11040after [2011] 
(а) 19 months (b) 20months 
(c) 21 months (d) 18months 


Let а, Бе the n' term of an A.P. If 


100 100 
Уа, =aand Ya, | =P, then the common 


"1 а 


difference of the A.P. is 12011] 
- 

© ap o SP 

© p-a @ “= 


Statement-1: The sum ofthe series 1+ (1 +2 +4) 
+(4+6+9)+(9+ 12+ 16)+.... +(361 +380 +400) 
is 8000. 


л 

Statement-2: Y (к? -(к-1)°) =, for any 
k=1 

natural number n. 12012] 

(а) Statement-1 is false, Statement-2 is true. 


26. 


27. 


28. 


29. 


(b) Statement-1 is true, statement-2 is true; 
statement-2 is a correct explanation for 
Statement-1. 

(c) Statement-l is true, statement-2 is true; 
statement-2 is not a correct explanation for 
Statement-1. 

(d) Statement-1 is true, statement-2 is false. 

11100 times the 100" term ofan AP with non zero 

common difference equals the 50 times its 50 


term, then the 150% term ofthisAP is: [2012] 
(a) -150 

(b) l50times its 50" term 

(c) 150 

(d) Zero 

The sum of first 20 terms of the sequence 0.7, 
0.77,0.777....„іѕ 12013] 


Мый! х» 
6) gj 079-1077) 


di ET 
©) 59-10 


7 ES 
2079-107 
© g” ) 


(d) 209+ 1077) 
Let œ and В be the roots of equation px? + qx +r 
L4 then 


B 
[2014] 


=0,p+0. fp, qyrarein A Pand + 
а 


the value of | o — | is: 


Узї i3 
[з 7 0 а-ы 
0 17 
© а @ ыт 


те(10)? +2(11)! (109) 31 (10) +... 


+10(11)” = k(10)*, then kis equal to: [2014] 


(а) 100 (b) 110 
ш En 
© ^g @ 100 


м-42 
30. 


31. 


33. 


35. 
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Mathematics 


Three positive numbers form an increasing G P. 
Ifthe middle term in this GP. is doubled, the new 
numbers are in A.P. then the common ratio of 


theGP is: 12014] 
@ 2-48 0) 2445 

© 42445 (d 3442 
The sum of first 9 terms of the series. 
BBS? Prey 

= M 5 
1 143. 14345 pan 
(а) 142 (b) 192 

© 7! (d) 96 


Ifm is the A.M. of two distinct real numbers / 
and n(/, n > 1) and G}, G, and G; are three 
geometric means between / and n, then 


Gi «261 G1 equals. [2015] 
(а) 4/mn? (b) 4?m?n? 
(с) 42 mn (d) 4/n?n 
If the 2"%, 5th and 9! terms of a non-constant 
A.P. are in G.P., then the common ratio of this 
GP. 12016] 
7 
1 b) 6 
(a) 6) 1 
8 » € 
© 5 @ 3 


Tf the sum of the first ten terms of the series 


соло 


16 

is 7m then mis equal to: 12016] 
(а) 100 (b 99 
() 102 @ 101 


For any three positive real numbers a, b and c, 

9(25а2 +b?) + 25( -3ac) = 15b(3a + с). Then : 
12017] 

(а) a,b and carein GP. 

(b) b,c and aarein GP. 

(c) b,c and aare in A.P. 

(d) a,b and care in A.P. 


36. 


37. 


38. 


39. 


40. 


4l. 


Leta, b, с € R. If f(x) =ах? + bx + c is such that 
atb+c=3andf(x+y)= fl) fly) *xy y x. y e В, 


10 


then Y f (n) is equal to: 12017] 
n=l 

@ 2553 (b) 330 

(c) 165 (d) 190 

Let aj,25,45,..,249 be in A.P. such that 


12 
Уади = 416 and ag 245 = 66. If 
k-0 
a? +a} +...+а{у =140т. Шеп m is equal to : 
12018] 
а) 6 b) 34 
(с) 33 (d) 66 
Let A be the sum of the first 20 terms and B be 
the sum of the first 40 terms of the series 


1262.22 +3? 424? +52 +2.62 


If В - 2А = 100А , then A is equal to: 
(а) 248 (b) 464 
(с) 4% (d) 232 
Let the sum of the first n terms of a non-constant 


n(n-7) 
beS0n-- ———— A, 


12018] 


АР, a, aa, 


where A isa constant. If dis the common difference 
ofthis A.P., then the ordered pair (d, a.) is equal 
to: 12019] 
(a) (50, 50 + 46А) (b) (50,50 +45А) 
(с) (А, 50 + 45А) (d) (А,50+ 46А) 


10 
Let У f(a+k)=16(2°-1), where the 
k-l 
function f'satisfies (х + y) = f(x) Ду) for all natural 
numbers x, y and f(1) = 2. Then the natural 
number ‘a’ is: 12019] 
(8) 2 ( 6 ()4 @ 3 
Ifa, b and c be three distinct real numbers in 
GP. and a + b + c = xb, then x cannot be: 
12019] 
(a) -2 
(e) 4 


(b -3 
(d) 2 


Sequences and Series 


42. Five numbers are in A.P., whose sum is 25 and 
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43. The greatest positive integer k, for which 49 +1 


[2020] 


product is 2520. If one of these five numbers isa factor ofthesum 49" +49""+.,. +492+49-+1, 
1 
=, then the greatest number amongst them is: Is: 
[2020] @) 32 (b) 63 
(а) 27 (b) 7 (c) 0 (d) 65 
21 
(c) 3 (d) 16 


Answer Key 


1.09 1, logy (3!~* +2), log, (4.37 - 1) are in A.P. 


Solutions 


2. 

a, b, c are in A.P then b= ac ® 
= 2log, (3!-+2)=1 +log, (43*<1) 

log, а” = log, a 

bt q 
— log, (3!-*+2)=log,3+ log, (4.35-1) 
=> log, (3'*+2)=log, [3(4. —1)] 
=> 3-2-3(4*-1) 
=O = 12.3*-3. 
Put 3*=¢ 
$ T*2-02:-3 > 122 -5t-3=0 
3.0 


3 
> y-q0 3! #-ve) 


3 
ES шээг х=1ову3—1ору4 


E 


=t 


log, 4 


Let P= 21/4 52/8 5316 


2/843] 2 
= 2!/4+2/8+3/16+. 


Nowltg-14,2,3, 
4 


8 16 


Subtracting (2) from (1) 


1 l l l 
=+. 
4 8 16 


a 1/4 


1 
= 


4 


2.28 
Now, axarxar^ хаг! хаг 


Жүк УРЕ, РЕ: 
хаг? xar? xar! xar 


=a? A= (ahy -29 


M-44 
4. 


7. @ a? +bx+ce=0, op 


8) 1-2-3-86 


(а) Let S=—— 
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(b) Leta- first term of GP. and r= common 
ratio of GP; Then GP. isa, ar, ar? 


a 


Given $„ =20 > =20 


= а-2001-0) -0) 
Also а? + ar? art +... toc =100 


ЛЭЭ 
199 =» 1200-91 үр 
1-Р 


э 
r 
[from (01 
2 
ADD _ урд 41-0) =1+г 
Uyl 
=> 1+r=4-4r = 5r=3 > r=3/5. 


+93 
95 2023-43-62-82) 


[ae en] 


— 434334, 


T, 


nnl) d 


(SHE) 


a 
M 


=1-2-log(1+1)+1]= 2122-1 =) 


е 


9 08 = 
а а 


Mathematics 


On simplification 2а2с = ab? +be? 


2a 


5272 [Divide both side by abc] 


ф, бр 
+> агеїп А.Р. 


b 
2.65 arein HP. 
a b 


1 1 1 1 


b Lt EL 
"су "а "о "C, 
2 А 
а= 0 + 1 РОС R5 d 
"с, "с "C "C, 
n n=l n-2 0 
"= П D D 
C, nai “б? Co 
И) 


Adding (i) and (ii), we get, 


1 5, 


1 
T, -at(m-l)d— à 


n 
1 
T, =a+(n-1)d=— 

m 


Subtracting (ii) from (i), we get 
ае 
п т тп 


1 
From(i) 42 — — a-d - 0 
mn 
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10. (b) Tfn is odd, the required sum is "ue 


12+2.2°+ 32 +24? +.....+2(л-1)7 +n? m-r+l r+l 


LODO? г => m -m(4r+1)+4r?-2=0. 


2 
7 Ifnis even then 14. @ х= 
12+2.2?+3?2+24?...+2(1-1Ў 
=щп+1ў2 


(14) 
2 


П. (b We know that 


m (nl) 


a,b,careinA.P =  2b-a*c 


1 
]-i-La-1 
x z 


fr 


1 э x,y,zarein HP. 


ух 
15. () Weknowthat 


ee 


2 


1 
Putting x= >. we get 


1-2e _(е-1)? 
2e de 1 a 
ПЕ ЖОШ)! е?+е 


atb 1+ Pw © 
64.6! 2 


12. (b) Lettwo numbers be aand P then 


3 


—a*b- 18and Vab =4 —ab- 16 
^. Equation with roots a and b is. 


-(а+ b)x* ab 2 0 " 
16. (d) Giventhat 


=x? -18x+16=0 
13. (@ Coeficient of ^, (r+ 1)"and (r +2)" terms 8 
is "C, p "C, and "С, resp. 2 
ч “ра+(д—1)4] 


2а +(p-Dd] 


Given that " C, р, "C,, "С, areinA.P. 


2950 49 = 24Й5(р-104 p 
2a4(q-Dd 4 

” 
Ca 


> 2- 
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Putp=11 andqg=41 19. (b) Letthe series a, ar, аг... arein geometric 
progression. 

Given that, а= ar ar? 

= gere = jer-1-0 


idu гаа Лха, 


1.1.1, ae in AP. 2 
агага d, 


17. @ 


ГУ termsof GP are positive 


2. r should be positive] 
(say 20. (b ATQ. 
atar=12 E 
47 aay = ar + ar =48 0) 


Then aay = 
EET 


aer) 48 


а-а, 2. 22 
daas = >» айт) pe 4,-эг--2 
Adding all equations, we get (s: termsare alternately + ve and -ve) 
=> a=-12 
аа) 33 ау лау 
21.6) Le $2142, ,10, 14, 
A AE Б 


0) 


1 
-Ча- — цу 1 
qme ter у бй Multiplying both sides by =, we get 


а-а, 


1 


—*(n-Dd 
а 
=> En („уд 
да, 
= SCIL (uaa, 
Which is the required result. 2 3 
БЭЭ Е 
3 3 113 

18. 6) Weknowthate'=1+x+ 5 3 


22. (a) Till I0 minute number of counted notes 
-1500 
Remaining notes = 4500 — 1500 = 3000 


3000 = 5125148 (0 0-2)] = п[148-л+ 1 


n? —149n +3000 — 0 


Sequences and Series 


23. 


24. 


26. 


© 


b) 


b) 


@ 
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= n=125,24 
But л = 125 is not possible 
2. Total time=24+ 10 =34 minutes. 
Let number of months = л 
7. 200 x 3+(240+280+320+... 
+ (пЗ) term) 


=11040 
-3 
= Sex 240+ (14) 40] 
=11040—600 
= (7 3)1240+201 —80]= 10440 
= (п—3)(20л +160) = 10440 
э (п-3т+8) = 522 
= п?+5п-546=0 
=> (n+ 26) (n—21)=0 
n 
Let A.P. be a,a+d,a+ 24, 
PEEL 


=> M o(a+rd)+(100-1)2d] =e 6) 
а +ау+аз +... +99 m D 


> m [2а+(100-1)24]=В Gi) 


Subtracting (8) from (i), we get 


nth term of the given series 

=T, -(n-1Y +(n-1)n+n? 
3 3 

((n-1) - 8) 4 


EL n 


(1-1)-н 


-(n-1P 


б 

= S, = Y [P -(-*] = 8000= 0" 
k=1 

= п = 20 which is a natural number. 

Hence, both the given statements are true. 

and statement 2 is correct explanation for 

statement 1. 

Let'a' 18 the first term and 'd ' is the common 

difference of an A.P. 

Now, According to the question 

1002 99 = 50а 

100 (a+ 99d) = 50(а+ 494) 


м-47 


=> 2a+198d=a+49d = a+149d=0 


Hence, 7,557 a 149 d=0 
АГ СЕРР 
10 100 10° 


up to 20 terms 


+... +Up to 20 22 


-upto20 =) 


alel) 


хаар to 20 terms 


un Ц B 
EU Ж ES 
9| 9 9\10. 
= 7 79 (10) 20] 
81 


28. @) Letp,g, rarein AP 


-2q-p*r 0) 


Given 444 =4 
a p 


exp 
^ ав 
Wehavea + B=-q/p andap 7 
24. 
И) 
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From (i), we have Since rl 
X-4n)-ptr 2 + =2—V3 is rejected 
p=-9r (iii) 
i Hence, r= 2+3 
Now, |@—B|=\(a+B)° -4ap 
31. @_n' term of series 
E 
vy p h 
From (ii) and (iii) (n+l) 
= 1 2 
umofntem = 25 (n+1) 
29. (a) Given that 10° +2, (11)(10#+3(11)2(10)7 i 
+... CDS = (10)? = [20+ 22nn] 
Let x= 10°+2(11X10+3(11(107 4... + 4 
тот)? 0] тыгын aHa 
п 2 
Multiplied by — on both the sides 
10 Sum of 9 terms 
11 9 1 9x10x19 18x10 
ag? 71-105 240 1*0) s. 90 0 T3 6 +9 
1110 (ii) 
Subtract (ii) from (1), we get ==®-% 
4 
X143) -10- 1008 12 « (107 In 
32. 4) m=- and common ratio of G.P. 
*.*1P-110 v 
1 
m % --( 
109 | M9. 10 1 
^ Ta G, = 248, G, = 1212,6, = 14 п 
ш Gi «261 «Gi = Ёл+2?л? +? 
Ч =т(+пў? 
= -2-(019-109)-119--109 =тх(2т)? 
eres =4lnPn 
= x= 1011 =.10° Given 33. (d) Let the GP bea, ar and ar? then a= A + d; 
= k=100 аг= А +44; ar? - A +84 
30. (b) Leta, ar, ar? are in GP. 


According to the question 
a, Zar, ar? are in А.Р. 
=> 2x2ar=atar 
э 4r=14+P>P-4r+1=0 


_ 4+ Vi6—4 
MEC 


5 


=2+ 


(A+8d)-(A +44) 
(А +40) (А+) 
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« e FST 


36. 0) 


s=18(2? 437 447+..41P) 
25 


„(пиез р) 


25 6 

216,595. 16,401 
25 3 
шин 
8 

= m-101. 

We have 


9(25а2+ b?) +25 (c? - Зас) = 15b(3 ate) 
=> 225a? 9b! +250? — 75ac - Sab 15bc 
— (15a) (3b. -- (Se?—75ac—45ab—15 be=0 


+ 052-39) «Qb- so (Sc- 18g 1-0 


Itis possible when 15a- 3=0, 3b-5c- 0 
and5c—15a-0 
= 15a-3b— b- 5a 


me: 
>a 73 


Sutb-2e 
=b, cya are in A.P. 

fx) =ax?-+bx+e 

1) =а+6+с=3= 101) =3 
М№омх+у) = х) + fy) +ху i.) 
Pux-y-lineqn(i) 
(2)-R)- 0-1 


6c 
3 


=21)+1 
12)-7 
283-12 


$, 7347412. 


e 


+445 
t,=3+4+ 5+... upton terms 


37, 


38. 


b 


From eqs. (i) & (ii) we get; d= 1 and 


B-2A-QI*222 4234224 


=20[22 + 224 26 2.28 4... 


5 


2 
8,5 St .y& x 


58 pmo 1) ы) 


2 6 2 


_ а DG 8) 


6 


= 10x11x18 -330 
UB 

12 
vM aga =416 

k-0 

13 
zat 48d)=416 
a, +24d=32 40) 


Now, а, +a, = 66— 2a, + 50d = 66 


п, uU 
Also, аг = [8 (r- DIP 2140 m 


rl = 


17 2 
YT) =140 т 


17 
Do? +1аг+49) =140 m 


ке (E988). acr =o m 


m-34 
Неге, В -2А 
a0 


20 30 20 
EXP 
4 


п=21 


—(12+2,22+32+2. 


(22+ 24+ 26....60)+ (24 +28+....+60) 
rec snare nonin, БА Е ышын: 


pem T0 rms 
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2 
20] 7222+ 60) аа + 


= 10[20.82 + 10.84] 
= 100[164 +84] = 100.248 


42. 


Now, asy=a, +49 x d 
=(50—3А)+49 A=50+46A 
So, (d, as) = (A, 50 +46 A) 
ve x+y) = fx). Ry) 

= Let f(x) =e" 

м40) 2-2. t=2 

> fix) =2* 


40. (0 


10 

Since, У) /(a +k) = 160219 -1) 
kel 
10 


Then, 212®* =16(2!9 -1) 
k=l 
10 
= 27> 2* =162 -1) 
k=l 
(2!°)-1) x2 
X € 2-Dx2 
2-1) 
=229=16=а=3 
a, b, c, are in GP. 


=2* =16x (219-1) 


а. @ 43. 
=> Ё=ас 

Since, a * b c9 xb 

=> а+с=(х-1)Ь 

Take square on both sides, we get 

а? +c? +2ас=(х-1)?Ь? 


> 42+‹?=(х-1)%ас-2ас [v b= ac] 
> 2+‹?=ас[(х-1)?-2] 
2х-1] 

+ a? + c? are positive and b? = ac which is 
also positive. Then, x? — 2x — 1 would be 
positive but for x= 1 is negative. 
Hence, x cannot be taken as 2. 

(d) Let5terms ofA.P. be 
a— 2d, a- d, a, at d, a 2d. 
Sum-25 — 5a-25 — a-5 
Product - 2520 
(5-2d)(5 -d) 5(5 + d) (5-24) - 2520 
(25-442) (25 -d?) = 504 
625— 1004? — 25d?  44*— 504 
445-1254? -625- 504-0 
4d*- 1254? «121-0 
4d*-121d?-4d? +121 =0 
(d?-1)(4d?-121)=0 


=> a+e=aclx?- 


х2-2х 


10:40:01 


[E 
= , does not give 


Largest term =5 +2d=5+11=16 


(49)95 -1 _ (49) +1498 -D 


o 48 48 
ац" 1 


(10) 
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Straight Lines & 
Pair of Straight Lines 


A triangle with vertices (4, 0), (—1,—1), (3, 5) is 
12002] 

(a) isosceles and right angled 

(b) isosceles but not right angled 

(c) right angled but not isosceles 

(d) neither right angled nor isosceles 

Locus of mid point of the portion between the 

axes of x cosa +ysina=p whre pis constant 

is [2002] 


(Ы) 2+у?=4р? 


Ifthe pair of lines ax?+ 2hxy + 52+ 2ex + f+ 
= 0 intersect onthe y-axisthen [2002] 
(а) 2fgh=bg2+ch? (Ы) bg? ach? 

(с) abc- 2fgh (d) none of these 
The pair of lines represented by 
3ax2+ 5ху+ (02-2)7-0 

are perpendicular to each other for 
(8) twovaluesofa | (b) va 
(c) for one value ofa (d) fornovaluesofa 
А square of side a lies above the x-axis and has 
one vertex at the origin. The side passing through 


12002] 


theorigin makesan anglea{ 0 <a EJ with the 


positive direction of x-axis. The equation of its 
diagonal not passing through the origin is 
12003] 


6. 


(a) y(cosa +sina)+ x(cosa—sina) = a 
(b) y(cosa - sina.) - x(sina — cosa) = a 


(c). (cosa +sin а) + x(sin a сова 


(d) x(cosa sina) +x 


Ifthe pair of straight lines x? —2 pxy 


and x? - 2qxy — y^ = 0 be such that each pair 

bisects the angle between the other pair, then 
12003] 

(а) ра--1 (b ра 

(©) p=-q (d) раг1 


Locus of centroid ofthe triangle whose vertices 
are (acost,asin г), (Psin г, – Бсоѕ/) and (1,0), 
where t isa parameter, is 12003] 
(а) Qx-D^ +Gy)? =a? 62 


a? -b° 


(b) (зх-1)2+(3›)? 
(с) (3х-1)2 +(3y)? =a? +b? 
(d) Qxen -Gyy =a? +57 
If 1.3.45 and. ур, у), уу areboth in GP. with 
the same common ratio, then the points 


/,)and (Хз, уз) 12003] 


(а) are vertices ofa triangle 
(b) lieona straight line 

(с) lieonan ellipse 

(d) lieon a circle. 


M-52 


п. 


12, 


13. 
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If the equation of the locus of a point 
equidistant from the point (aj, А) and 
(az, b2) is (а —b)x (aj -b)y+c=0 , 
then the value of "c^ is [2003] 


(а) da? +5 - 


s by? ca 


1 
® > 
(с) а?-а;?+ь?-ь,? 


(4) Шан 


Let A(2,-3)and В(-2, 3) Бе vertices of a 


triangle ABC. If the centroid of this triangle. 
moves on the line 2x -3y = 1, then the locus 


of the vertex Cis the line [2004] 
(а) 3х-2у=3 (b) 2х-3у=7 
© 3х+2у=5 (d) 2x+3y=9 


The equation of the straight line passing 

through the point (4, 3) and making intercepts 

on the co-ordinate axes whose sum is 1 is 
[2004] 


(a) 


(b) 


(o) 


@ 


If the sum of the slopes of the lines given by 


x? -2exy - 7y? = 0іѕ four times their product. 


c has the value 12004] 
(a) 2 (b) -1 
(c) 2 (d) 1 


If one of the lines given by 


6x? —xy+4ey? =0 is 3x + 4y = 0, then c 


equals 12004] 
(a) 3 (b) 1 
(o 3 (d) 1 


14. 


18, 


16. 


17, 


18. 


The line parallel to thex- axis and passing through 
the intersection ofthe lines ax +2by+ 35 — 0 and. 


by—2ay—3a=0, where (a, b) # (0,0) is 
12005] 


3 
(a) below the x- axis at a distance of 2 from it 


(b) below the x- axis at a distance “3 from it 


3 
(c) above the x - axis at a distance о from it 


2 
(d) above the x - axis at a distance of = from it 


Ifa vertex ofa triangle is (1, 1) and the mid points 
of two sides through this vertex are (-1, 2) and 
(3, 2) then the centroid ofthe triangle is [2005] 


7 -17 
7) (3) 17 (2-1) 


a 


Asstraight line through the point A (3, 4) is such 
that its intercept between the axes is bisected 
at A. Its equation is [2006] 


(а) х+у=7 (b) 3х-4у+7=0 
(c) 4х+3у=24 — (d) 3х44у-25 


If (a,a?) falls inside the angle made by the 


lines yox 0 and ) 3x, х > 0, thena 


belong to 12006] 
2) С i 6) Ga) 

Ф. 
e(b] ө 


Let A(1, К), B(1, 1) and C (2, 1) be the vertices of 
a right angled triangle with AC as its 
hypotenuse. Ifthe area of the triangle is Isquare 
unit, then the set of values which 'k' can take is 


given by 12007] 
(а) (1,3; (Ы) {-3,—2} 
(с) 1.3; (d) 10.2; 


Straight Lines & Pair of Straigl 


19. 


20. 


21. 


22. 


24. 
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Let P= (-1,0), О= (0, 0) and R = (3,3 4/3 )be 
three point. The equation of the bisector of the 
angle PQR is 12007] 


5 
6) Sxty= 


© V3x+y=0 


Ifone of the lines of my? + (1- m?) xy—mx?=0 
is a bisector of the angle between the lines 


xy=0, then m is 12007] 
(a) 1 (b) 2 
(c) -1⁄2 @ 2 


The perpendicular bisector of the line segment 
joining P (1, 4) and Q(k, 3) has y-intercept 4. 


Then a possible value ofk is 12008] 
(а) 1 (b) 2 
() 2 (d) -4 


The shortest distance between the line y—x = 1 


and the curve x = yl is : 12009] 
243 x2 
цал Цаг” 
3 3y2 
(M 9 == 


The lines р(р? +1) -y+ q = 0and 
(02+ 120+ (p? + Dy + 29 = 0 are perpendicular 
toa common line for: [2009] 


(a) exactly one values of p 

(b) exactly two values of p 

(c) more than two values of p 

(d) no value of p 

Three distinct points A, B and C are given in 
the 2-dimensional coordinates plane such that 
the ratio of the distance of any one of them 
from the point (1, 0) to the distance from the 


point (-1, 0) is equal to i Then the 


circumcentre ofthe triangle ABC is at the point: 
12009] 


26. 


27. 


28. 


5 
© (2.0) 
The lines L, : y -x = O and L, : 2x +y = 0 
intersect the line L, : y +2 = 0 at P and О 
respectively. The bisector of the acute angle 
between L, and L, intersects L, at R. [2011] 
Statement-1: The ratio PR : КО equals 


20:45 

Statement-2: In any triangle, bisector of an 
angle divides the triangle into two similar 
triangles. 

(a) Statement-1 is true, Statement-2 is true: 
Statement-2 is not a correct explanation for 
Statement-1. 

Statement-I is true, Statement-2 is false. 


(d) (0,0) 


(b. 

(c) Statement-l is false, Statement-2 is true. 

(d) Statement-1 is true, Statement-2 is true; 
Statement-2 is a correct explanation for 
Statement-1. 


The lines x+ y = |a| and ax — y = 1 intersect 


each other in the first quadrant, Then the set 
of all possible values of a in the interval : 
[2011RS] 


(5) =) 
© (l9) @ (L1) 


IfA (2,—3) and D(-2, 1)агс twovertices ofa 
triangle and third vertex moves on the line 


2х--3у -9, then the locus of the centroid of 


(а) (0,20) 


the triangle is : 1201165] 
(b) 2х+3у=1 
(d 2х-3у-1 


If the line 2x + у = k passes through the point 
which divides the line segment joining the 
points (1,1) and (2,4) in the ratio 3 :2, then k 


equals : 12012] 
29 
(a) 5 (5) 5 
1 
6 {+ = 
© 5 
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A lineis drawn through the point (1,2) to meet 
the coordinate axes at Р and О such that it 
formsa triangle ОРО, where O is the origin. If 
the area of the triangle ОРО is least, then the 


slope of the line PQ is : 12012] 
1 
s (b) -4 
() -2 (d) Е 
2 
А ray of light along x + -43 gets 


reflected upon reaching x-axis, the equation of 
the reflected ray is [2013] 


(a) у=х+ 45 (9 By =x- V3 
© y= Bx Уз (д Дзу=х 1 


The x-coordinate ofthe incentre ofthe triangle 
that has the coordinates of mid points of its 


sidesas (0, 1) (1, 1) and (1,0) is: [2013] 
(а) 2442 (b 2-42 
© 1-7 @ 1-42 


Let PS be the median of the triangle vertices 
Р(2, 2), Q(6, —1) and К(7, 3). The equation of 
the line passing through (1,—1) and parallel to 


PSis: 12014] 
(a) 4c*7y43-0 — (b) 2х-9у-11-0 
(с) 4x-7y-11-0.— (d) 2х+9у+7=0 


Let a, b, c and d be non-zero numbers. If the 
point of intersection ofthe lines 4ax + 2ay - с=0 
and Shy + 2by- d=0 lies in the fourth quadrant 
and is equidistant from the two axes then 
[2014] 
(а) 3be—2ad=0 (b) 3bc2ad-0 
(c) 2bc-3ad-0 (d) 2be+3ad=0 
Two sides of a rhombus are along the lines, 
x-y+1=Oand 7x - y 5 — 0. Ifits diagonals 
intersect at (-1, —2), then which one of the 
following is a vertex of this rhombus? 


1-8 
e ЕЭ 


(с) C3.-9) 


12016] 


-10 -7 
© ЇЕ =) 


(d (-3,-8) 


35. 


36. 


37. 


38. 


39. 


A straight the through a fixed point (2, 3) 
intersects the coordinate axes at distinct points 
P and Q. If O is the origin and the rectangle 
OPRQ is completed, then the locus of R is : 


0) 2x+3y=xy Q) 
G) 3x+2y=6xy (4) 3x+2y=6 


Let the orthocentre and centroid ofa triangle be 
АСЗ, 5) and B(3, 3) respectively. If C is the 
circumcentre of this triangle, then the radius of 
the circle having line segment AC as diameter, is : 


3x +2y = xy 


5 
(а) 2/10 (b) 3 12018] 
345 
© 28 @ Jio 


Slope of a line passing through P(2, 3) and 
intersecting the line x + y = 7 at a distance of 4 


units from Р, is: 12019] 
5 © 
» OS 

1+5 m3 
Qn MERI 
© ma O su 


Consider the set of ай lines px + qy + r = 0 
such that 3p + 2q + 4r = 0. Which one of the 
following statements is true? 12019] 
(8) The lines are concurrent at the point 


(3) 
42/ 
(b) Each line passes through the origin. 


(c) The lines are all parallel 


(d) The lines are not concurrent. 


3 
Let A(1, 0), B(6, 2) and C (3.5) be the vertices 
ofa triangle ABC. If Pisa point inside the triangle 


ABC such that the triangles APC, APB and BPC 
have equal areas, then the length of the line 


7 1 
segment РО, where Q isthe point (14 | .8 


12020] 
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Answer Key 


1. 


2. 


cc Solutions 


(а) AB- J(441? +(0+1)? = 26; 
ВС = (3-1) 2 +(5+1)? -4/52 
CA= (4-3)? + (0-5? = J26 ; 


> AB- CA 
2. Isosceles triangle 


7 (V26 P+ (26 }=52 
AB? + АС? 
г. right angled 
So, the given triangle is isosceles right angled. 
(d) Equation of AB is 
xcosa +y sina =p; 
Y 


М(х,у) 


So, coordinates of midpoint of AB аге 


Р Р 
М(х |. y 4 бас ) 
MG) "ssa 2806 
B Р 
х= &у = 4 
1° 2eosa 25іпа 


= cosa = p/2x, and sina =р/2у|; 
10052 а + віп? а = 1 


5. 


Locus of (xj, уу) 8 


(a) Putx=0in the given equation 
Shy2+2fr+e=0. 
For unique point of intersection, /2— bc — 0 
= ар? — abc - 0. 
We know that for pair of s 
abe + 2fgh — af? -bg — 
=> 2fgh — bg? ch? - 0 
(а) We know that pair of straighty lines 
ах? + 2hxy + by? — 0 are perpendicular when 


aight line 


За+а?-2=0 >a? *3a-2-0.; 


_-3+у9+8 -3+417 


=а = 


2 
(8) Co-ordinates оГ 4 = (acosa,asina) 
Equation of OB, Y 
зар 
А 
CAL" оОВ bic 
д > 


‚ Slopeof СА = -e[ 17 а) 
Fquation of CA 


" л Ч 
утаа cem зо [х-асовө) 
4 
(y -asina unf на | оваа) 


л 
tan—+tana 
= (y-asina) 
т 
1-1ап-Аапас 
4 


=(acosa—x) 


M-56 
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=> (y- asina) (1-- tana) 
= (асоѕа – x)(1— tana) 
= (y-asina)(cosa ^ sina.) 
= (асоѕа – x)(cosa -sin a) 
= у(соѕ+ віп a)—asina.cosa — asin? а 
—acos? a — acosasina — x(cosa —sina) 
= y(cosa sino)  x(cosa -sin a)= a 
y(sin a +cosa)+ x(cosa —sina) = a. 


(а) Equation of bisectors of second pair of 


straight lines is, 


gx *2xy-q E] 


It must be identical to the first pair 
ii) 


1 
(c) We know that centroid 


atata yty +») 
х, -(ztmtu nint 
(x,y) 3 3 

x= aeost + bsint +1 


3 
= асоз/ + bsint = 3. 
asint- bcost 


у= 


3 
= asint-beost =Зу 
Squaring and adding, 


Gx-D «(Зуд = а? +2 
(b) Taking co-ordinates as 


;B(x, y) andC (xr, yr) , 


Then slope of line joining 


120 
1417 


and slope of line joining B(x, y) and Cr. yr) 


point B common. 
= Points lie on the straight line. 


10. 


M. 


12. 


13. 


D (х-а)?+(у-Һ)? 
=0-а) +06) 
(a, =аз)х+ (h ~ by )v 


+022 +b? ар -62)=0 
Comparing with given eqn. we get 
(ay? + by? -ар =h’) 


2 
@ Let the vertex C be (h, k), then the 
centroid of 


c 


21 +52 +53 ) 
3 


3 a 3 
54 
3 3 


2h 
SoD kal hs 3k=9 


(= чч) 


Itlieson2x -3y =1 


= Locus of Cis 2r+3y=9 


40) 


(ii) 
3 


4 3 
(i) passes through (4, 3) => —+= 
a b 


= 4b 3a - ab 4-0) 
Putting value of b from (ii) in (iii), we get 


(a) Letthe required line be * + A 
a 


then a+ b=-1 > b=-a-l 


а -4=05a=}42>b=-30r1 
2. Equations of straight lines аге 


2 
(c) Let the lines be y = m,x and y= тх then 
2с 1 
m +m, = -and тту=—— 
7 7 
Given that m +m =4 mm 


2 
-2> — 
7 


(а) 3х+4у=0 is one ofthe line of the pair 
equations. of lines 


6x -xy+4cy? =0, Put y=- 


3 
we get, 6х2 +2 +4e{ 3x 
4 4 


TTE 
4*4 


Straight Lines & Pair of Straig MA JEEBOOKS.IN 


14. (à) The eqn. of line passing through ће 16. (c) 
intersection of lines ax + 25y 435 = 0 and 
bx-2ay -3a -0 8 
ax 2by +3b+ X (bx -2ay -3a)- 0 
= (ab) Qb-2a) y *3b-33.a-0 
Required line is parallel to x-axis. 

з а+Ь%.=0 => А =-alb 
=> ax+2by+3b Si 2ау-3а)=0 


+» Aisthemid point of PQ, 


a+0 O+b 
ON STA -Acam6b-8 
= act 2bye3b-ax “y+ 0 * Ир, 
b b л Equation of lineis e =1 


or 4x+3y=24 
17. (c) Clearly for point P, 
Ч у-3х 


_ 2a? +2) 


Ab? +a?) 

Soit is 3/2 units below x-axis. 
15. (c) Vertex of triangle is (1, 1) and midpoint of 
sides through this vertex is (- 1,2) and (3, 2) 


A(L1) 


(-12) (3,2) 


1 
=> —<а<3 
2 


18. (а) Given: A(LE) BU, Jand CQ, 1)are vertices 


= 1 square unit 
5 


2CC53) 


5 Centroid is Hs, Ern 


3 1 


1 
34) = 5 *BC*AB = 1 
"3 => +(0-1) =2 > k=-1,3 


ofa right angled triangle and area of AABC 


We know that, area of right angled triangle 
20016-0) 
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19. (c) Given : The coordinates of points P, Q, R 
are (-1, 0), (0, 0), (3,3V3) respectively. 
RG,3/3) 


Slope of QR 


=>  danü-43— Ө= 
z= 
3 
x 2m 
ZROP = n- 
Qeon 373 
Let QM bisects ће ZPOR , 


= ZROX- 


ZMQR == = ZMOX = 


45 
Equation of line QM is (y—0) =—/3 (х—0) 


=> y--48x 2 V3xty=0 
From figure equation of bisectors of lines, 


Slope of the line QM = tan = 4 


ху=0агсу— £x 


x 


(0, 0) 


Put y= x in the given equation 
my? + (1—m?)xy—mx?7=0 
mx? (1—m?)x?—mx?=0 


=> 1-m=05 т=+1 
3-4_ -1 
21. Slope of РО-2-3 
О E 
2. Slope of perpendicular bisector of 


PQ-(k-1) 


22. 


23. 


24. 


@ 


@ 


@) 


k+1 7 
Also, mid point of PQ ( ы 


к 


1. Equation of perpendicular bisector of 


PQis 
7 k+l 
»- 16-2) 
=> 2у-7=2(К-1)х-(К?-1) 
=>  2k-UDx-2y*(8-K)-0 


Given that y-intercept 


2 
= _8-k2=-8 ork?=16 Sk=+4 
Let (a, a) be the point of shortest distance 

2 


Then distance between (c, a) and line 
x-y* 1 =0 is given by 


1 
It is min when a= 2 and 


5 3 02 
min дуу 8 

Given that the lines p (22+ 1)x-y+q=0 

and (р? + 1)2.x+(p? + 1) у 42. 

are perpendicular to a common line then 

these lines must be parallel to each other, 


P+D gie 
za pau 


m-m,- 


=> (р2+1)2 (р+1)=0 
=> р=-1 
7. p can have exactly one value. 
Given that P (1,0), Q(- 1,0) 
а “Р _ BP CP 1 
АО ВО CQ 3 
= ЗАР= AQ = 9AP^- AQ? 
Let A =(х, y) then 
9(x-1? «9-1 
> 9x2— 18x +9+9у: 


ду 
+2х+1 +y? 


Straight Lines & Pair of Straigl 


25. 0) 
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= &2-20х+82+8=0 
2,25 А 
= x+y Set =0 E 


A lies on the circle given by eq (i). As В 
and C also follow the same condition, they 
must lie on the same circle. 

Centre of circumcircle of A ABC 


= Centre of circle given by (1) 


26. 0) 


Lyt2-0 

On solving the equation of line L and L. 
we get their point of intersection (0, 0) i.e., 
origin О. 

On solving the equation of line Z, and Z4, 
we get P-(-2,-2). 

Similarly, solving equation of line L, and 
L, we get Q-(- 1,-2) Е 
We know that bisector of an angle of a 
triangle, divide the opposite side the 
triangle in the ratio of the sides including 
the angle [Angle Bisector Theorem of a 
Triangle] 


‚ РЁ OP 


PR OP үс2 «CO 20) 
(50 00 joy.co 45 
-. Statement 1 istruebut ZOPR # ZOOR 


So ЛОРК and ЛООК not similar 
7. Statement 2 is false. 


Case 1: If a>0 


х+у=а 


E 


27. 0) 


Оп adding equations (1) and (2), we get 
х(1+а) =1+а= х=1 
у=а-1 
Since given that intersection point lies іп 
first quadrant 


So, a-120 

= azl 

= ае[=) 

Casell : Ifa<0 

a wn 3) 
(4) 
Оп adding equations (3) and (4), we get 


xy 


ax- 


х(ї+а)=1-а 


Sincea-1«0 
а+1>0 
=> а>-1 (5) 


<———————— 


i- 
a-—459 -298:4:154 0 
lta 1+а 


de а? +1 


CENTIES 
Ба а+1 


Ѕіпсеа2+1>0 
а+1<0 
=> а<-1 (6) 


From (5) and (6), a e à 

Hence, Сазс-1 is not possible, 

So, correct answer is a є[1,) 
AQ. 3) 


BC2.1) C (o. B) 
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28. 


29. 


WWW.JEEBOOKS.IN 
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=, = 1 
Centroid (h,k) = (аа ив жыры i + 2) Area of APOQ =>(OP)(OQ) 
a=3h EU -Że -т) 
В-2-3К 2 
B-3k«2 Се Ateaof A= zx basexheight) 
Third vertex (0, В) lies on the line 1 4 
2х+3у=9 =т[2-"-=°*?] 
2@+3В=9 1 4 
2(3h) +3(3k+2)=9 
2h43k=1 
2x+3y=1 
(c) Let the points be 4 (1,1) and B (2,4). 
Let point C divides line АВ in the ratio 
3:2. 
So, by section formula we have (12) 
ga bee) 
3-2 3-2 Р 
8 14 
15 = 
55 LaAra-fqn)-2—,-— 
Since Line 2x + y = k passes through 2 m 
da i Now, f'(m) > 
5'5 Put f^ (m) - 0 
jvicdi =>m=4=>m= +2 
х © E 
UU. => k=6 Now, f"(m) = - 
(c) Equation ofa line passing through (x. m 
having slope m is given by Уп) =-2<0 
5 2 


y-y =m (ey) 
The equation of line PỌ which is passing 
through (1, 2) is (y—2)=m (x-1) 
where m is the slope of the line PO. 
Now, point P (x, 0) lies on x-axis 
=т(х-1) = 0-27 m(-1) 
E 


=> -2-т(х-1)-» х-1= — 
m 


у=2 


т and OQ 


m 


30. 


b) 


1 


fm) 7550 


Area will be least at m =-2 
Hence, slope of PQ i 
Suppose B(0, 1) beany point on given line 
and co-ordinate of A is (V3,0). So, 
equation of 


INO D 


#в (0,-1) 


Straight Lines & Pair of Straigl 


Reflected ray is TER. у-0 


-v43 
= By=x-v3 


31. (b) From the figure, we have 


a=2,b= 2, c 


АС, 0) 


Now, x-co-ordinate of incentre is given as 


ax, bxy + 
a+b+ 
= x-coordinate of incentre 


_ 2х0+2\/2.0+22 


RE 


22-42 
ET тей 
32. @ LetP, Q,R, bethe vertices of APOR 
Р(,2) 


Q6-1) S R(7,3) 


Since PS is the median 

Sis mid-point of OR 

- ааа, 
2 2 


Now, slope of PS = ——— 


Since, required line is parallel to PS therefore 


slope of required line = slope of PS 
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Now, eqn. of line passing through (1, 1) 
$ 


and having slope — is 


»-60=-26-0 


9у+9=-2х+2=52х+9у+7=0. 
Given lines are 
4ах+2ау+с=0 
Shy +2by+d=0 
The point of intersection will be 
4 4 1 
2ad-2bc  4ad-5bc — 8ab—10ah 
2(ad—bc) bc-ad 
ab а 
Sbc-4ad _ 4ad -5bc 
> P= ab T заь 
Point of intersection is in fourth quadrant 
so x is positive and y is negative. 
Also distance from axes is same 
So 
Cv distance from x-axis is —y as y is 
negative) 


bc-ad  Sbc-4ad 


E 249 —3bc-2ad- 0 


D x-yH-0 (с 


A x-ytk-0 B 


Let other two sides of rhombus аге 
x-y* À-0 

and7x-y* p =0 

then Ois equidistant from AB and DC and 
from AD and BC 


n Hr2j=j1+2+a] =h 


and |-7«2-5|- |-742« | > n 215 
2 Other two sides are x - y -3 - 0 and 
Tx-y+15=0 
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On solving theeg's of sides pairwise, we зу gy Y 
get Ы 
the vertices as 
-8 
T p.02 
3а 
35. (b) EquationofPQ is 
xy 
2+2=1 
hok 30 
Since point at 4 units from P (2, 3) will be 
A (4 созӨ+ 2, 4 sin (0+ 3)and this point will 
tisfy th tion of line x +y=7 
ns RO.) satisfy the equat tW inex +у 
= cos0+sin0 = 5 
On squaring 
i20. 3.4 20m0 3 
о P(h, 0) = RE RT EE 
—»3tan'0 -8tan0 +3 =0 
Since, (1) passes through the fixed point 
2,3 
(2,3) Then, 2+2=1 
h k (0 is acute so, ignoring -ve sign) 
Then, the locus of Ris 2.3 21 = tang = BVT „!+У7 _1-Уу7 
x у 6 14V7 147 
ог3х+2у=ху 38. (а) The given equations of the set of all lines 
36. (b Since Orthocentre of the triangle is beraten (D 
АС-3, 5) and centriod ofthe triangle is BG. 3), pq -- n 
then and given condition is : 
3p+2q+4r=0 
АВ = 40 = 2410 ie: 
3.2 
.-04- КЕ 
^ Bc =a 0 442) 
Centroid divides orthocentre and From (1) & (2) we get: 
circumcentre ofthe triangle in ratio2 : 1 ` 
2 AB:BC=2:1 23 5 1 
" 47 2 
Now, АВ= ТАС Hence the set of lines are concurrent and 
31 
- АС-ЗАВ-20410) => AC= 3/10 passing through the fixed point (2.3) 


Radius of circle with AC as diametre 39. 


АС 3 5 
==} v= 


(5) P willbe centroid of AABC 


(28) = PO=\(4) iy =5 
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If the chord y = mx + 1 of the circle х?+у?=1 
subtends an angle of measure 45? at the major 
segment of the circle then value of m is [2002] 


(a) 2542 O) 2+2 


() 31242 (d) none of these. 


The centres ofa set of circles, each of radius3, 
lie on the circle x?+)2=25, The locus of any point 


in the set is [2002] 
(a) 4sx2+y? < 64 (b) 42452525 
(с) x+y? > 25 (d 3=22+у25 9 


The centre of the circle passing through (0, 0) 
and (1, 0) and touching the circle x2- у2= 9 is 


12002] 
e (Ы) 


З 
© 155 
The equation ofa circle with origin as a centre 
and passing through equilateral triangle whose 
median is of length 3a is 12002 


(а) х2+ 
(с) x 
Two соттоп tangents to the circle x? + у 
and parabola y? — ax are 


(b) У 


12002] 


(а) х=җ(у+2а) җ(х+2а) 


(с) х-җу+а) (4) у-җ(х+а) 


6. 


Ifthe two circles (x-1)? + (5—3) 


Ва +2 у +8 = 0 interscet in two 


distinct point, then 12003] 
(a) r>2 (b) 2<r<8 
(9 <2 (d) r=2. 


The lines 2х-3у-5 and 3х-4у-7агс 

diameters of a circle having area as 154 

sq.units.Then the equation of the circle is 
[2003] 


(а) x7 +y? -2x«2y - 62 


(b) x? +)? «2x-2y =62 


(с) х2+у2 +2х-2у=47 
(d) x? 43? -2x42y - 47. 

The normal at the point (512,255) on a 
parabola meets the parabola again in the point 


(bij? 2br, ) , then 12003] 
(a) 5 2^6 +2 (b) 
4 


5 
(c) 2=-1+— (9) 
4 


2 
The foci of the ellipse 7677-1 and the 
2 2 
ee ds onus 
hyperbola ~—-2 =— coincide. Then the 
144 81 25 
value of 5? is [2003] 
(a) 9 (b) 1 


() 5 (4) 7 
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ин 


12. 


13. 


14. 
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Ifa circle pas 


through the point (a, 9) and 


2 


cuts the circle хт + 
the locus of its centre is 


= 4orthogonally, then 
[2004] 


(а) 2ax-2by-(a) +b? +4) =0 
(Ы) 2ax+2by—(a? +2 +4) =0 
(с) 2ax—2hy +(a2 +b? +4) =0 
(4) 2ax+2by+(a? +2 +4)=0 


A variable circle passes through the fixed point 
A(p.q) and touches x-axis. The locus of the other 
end of the diameter through A is [2004] 


(а) (у-4) -4px (9) (x-qY = 4ру 
© (у-ру -4ах (@ (x-pY -4qy 


If the lines 2x+3y+1=0 and 3x- y-4-0 
lie along diameter of a circle of circumference 


107, then the equation ofthe circleis [2004] 
(а) x+y? +2x-2y-23=0 


b) x 


у-23=0 
(с) х2 +2 +2x4+2y-23=0 


(9) 


Intercept on the line у 


xy! -2х+2у-23=0 


x by the circle 


x? + y? -2x = 0 is AB. Equation of the circle 
on AB asa diameter is 12004] 
@) х^+у?+х-у=0 

€) xà xy -xy-0 

(б) +y +х+у=0 

(d) 


If a. 0 and the line 2bx-3cy +4d = 0 passes 
through the points of intersection ofthe parabolas 


у? = 4ах and x? = 4ay, then 12004] 


(a) 
(5) 
(c) 
(9) 


d? e (3b- 
а +(3b+2c 
d? + (2b - 3c) 
d? e (2b 3c 


15. 


16. 


19. 


The eccentricity of an ellipse, with its centre at 
1 
theorigin, is T If one ofthe directrices is x =4, 


then the equation of the ellipse is: [2004] 


(9) 32«45-1 
If the circles х2 + y^ + 2ax + cy + а= 0 and 


Xy? -Зах + dy = 1 = 0 intersect in two 
distinct points P and О then the line 5x-- Буа 
= 0 passes through P and О for 12005] 
@) 
(5) 
(c) infinitely many values ofa 
(d) exactly two values of a 


A circle touches the x- axis and also touches the 
circle with centre at (0,3 ) and radius 2. The locus 
of the centre of the circle is 12005] 


exactly one value ofa 
no value of a 


(8) anellipse (b) acircle 
(c) a hyperbola (d) a parabola 
If a circle passes through the point (a, b) and 


cuts the circle x? +y? = p? orthogonally, then 


the equation of the locus of its centre is [2005] 
(а) o3»? -3ax-Aby c (à +b? = p?)=0 
(b) 2ac2by-(d? b? + р2)=0 


(c) 


2ax -3by (a? -b = р2)=0 


(d) 2av+2by-(a? +8? + p?)=0 


Ifthe pair oflines ax? +2 (a+ bxy+ by? =0 lie 
along diameters ofa circle and divide the circle 
into four sectors such that the area of one of the 
sectors is thrice the area of another sector then 

12005] 


(а) 3а2—10аЬ+3Ь 


За? —2аЬ+3Ь? 


(5) 9 
(o 


(9) 


За? +10а6+302 =0 


3a? +2аЬ+3Ь? =0 


Conic Sections 


20. 


21. 


22. 


23. 


24. 


25. 


WWW.JEEBOOKS.IN 


Let P be the point ( 1, 0) and Оа point on the 


locus y? -8x. The locus of mid point of PQ is 


12005] 
(а) у7-4х+2=0 (b) y? 442-0 
() 22 +4у+2=0 (d) х2 -4y+2=0 


The locus ofa point P (a, В) moving under the 


condition that the line} 


ax +B isa tangent to 


the hyperbola =1 is [2005] 


(а) anellipse (b) acircle 

(c) aparabola (d) a hyperbola 

An ellipse has OB as semi minor axis, Fand F' 
its focii and the angle FBF" is a right angle. 
Then the eccentricity of the ellipse is 


(b) 


1 

=: 

@ -т 

Ifthe lines 3x—4y—7 =0 and 2x -3y -5-0 


are two diameters ofa circle ofarea 49m square 
units, the equation of the circleis — [2006] 


@ х? «y Ж2х-2у-47-0 


b) х2жу?2х-2у-62-0 


(с) х2жу?-2х42у-62-0 
( xy y-47=0 


Let C bethe circle with centre (0, 0) and radius 3 
units. The equation ofthe locus of the mid points 
of the chords of the circle C that subtend an 


angle of 27 atits center is 12006] 
2 3 2, 

O Sí. O Pty 
9 
© 3242-27 @ 8.9.2 
T 4 

The locus of the vertices of the family of 

32 
parabolas y= 12006] 


26. 


27. 


28. 


29, 


31. 


M-65 
105 3 
b x-3 
@ х= © x-i 
© x3 (0): apa St 
16 105 


In an ellipse, the distance between its foci is 6 
and minor axis is 8. Then its eccentricity is 
12006] 


(a) (b) 


1 
= 


1 


(с) (4) 


мрь шә 


Consider а family of circles which are passing 
through the point (- 1, 1) and are tangent to 
x-axis. If (I, k) are the coordinate of the centre of 
the circles, then the set of values of k is given 
by the interval 12007] 


For the Hyperbola - 1, which of 


соѕ о sina 

the following remains constant when a. varies — ? 
12007] 

(a) abscissae of vertices 

(b) abscissae of foci 

(c) eccentricity 

(d) directrix, 

The equation of a tangent to the parabola. 

22 x +2. The point on this line from 

which the other tangent to the parabola is 


perpendicular to the given tangent is [2007] 
(а) (2,4) (b) (2,0) 
(с) CL1) (d) (0.2) 


The point diametrically opposite to the point 

P(1, 0) on the circle x? +)? +2x + 4у—3 = 0is 
12008] 

(а) (3,-4) (b) (3,4) 

( (3,4) (d (3,4) 

A focus ofan ellipse is at the origin. The directrix 


1 
is the line x = 4 and the eccentricity is >. Then 


2 
the length of the semi-major axis is 12008] 
ох wå oi oi 
753 3 ©з 03 
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32. 


33. 


35. 


36. 


37. 


38. 
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A parabola has the origin as its focus and the 


linex =2 as the directrix. Then the vertex of the 
parabola is at 12008] 
(8) (0,2) (b) (1,0) 
© 0,1) (d) 0,0) 


ҮЕР and Q are the points of intersection of the 
circles x? +y? 4 314 7y 4 2p -5- 0and 

xX? + y?+ 2x € 2y—p?=0 then there is a circle 
passing through P, Q and (1, 1) for: — [2009] 
(a) all except one value ofp 

(b) all except two values of p 

(с) exactly one value of p 

(d) all values ofp 


The ellipse x? 1 4y? =4 is inscribed in a 


rectangle aligned with the coordinate axes, which 
in turn is inscribed in another ellipse that passes 
through the point (4, 0). Then the equation of 


the ellipse is 12009] 
(a) ax?+12y?=16 (b) 4x7 «4855-48 


(с) 4645-48 (d x7 +16)? =16 
The circle x? 2— 4x-* Ву + 5 intersects the line 


Зх — 4y = m at two distinct points if 12010] 
(а) -35<m<15 (b) 15<т<65 
(с) 35<т<85 (d) -85<m<-35 


If two tangents drawn from a point P to the 
parabola у? = 4x are at right angles, then the 


locus of P is 12010] 
@) 2х+1=0 ф) x--1 
(с) 2х-1=0 (4) х=1 


The two circles x? + y? = ax and x? + y? = c? 


(с > 0) touch each other if 12011] 
(a) |а|=с (b) a-2c 
() |а|=2с (d) 2|а|=с 


The shortest distance between line y — =1 and 
curvex = y? is 011 


8 
(а) (b) 37 

3 
(c) © = 


39. 


40. 


4l. 


42. 


43. 


Equation of the ellipse whose axes are theaxes of 
coordinates and which passes through the point 


(C3, 1) and has eccentricity 12011 


(а) 5х?+3у2-48=0 (b) 3:2-5)2-15-0 
(с) 5x2+3y?-32=0 (d 332 +5у2-32=0 
The equation of the circle passing through the 
point (1, 0) and (0, 1) and having the smallest 
radius is [2011 RS] 
(а) х?ї+у*-2х-2у+1=0 

(b ?+у?-х-у=0 

(с) а?+у?+2х+2у-7=0 

(d) х?+у?+х+у—2=0 

The equation of the hyperbola whose foci аге 


(-2,0) and (2, 0) and eccentricity is 2 is given 
[2011RS] 


(b) 32-y 
(d -32+ 
The length of the diameter of the circle which 
touches the x-axis at the point (1,0) and passes 


through the point (2,3) is: 12012] 
10 3 

© > e; 

"n E 

© 5 (d) 3 


Statement-1 : An equation of a common tangent 
to the parabola у? =16V3x and the ellipse 
2x? e y! 24 is y- 2x 4243. 


413 

Statement-2 Ifthe line y = mx +— 7,850) 
is a common tangent to the parabola 
у? - 1643x and the ellipse 2x2 + у? = 4, then m 
12012] 
Statement-1 is false, Statement-2 is true. 
Statement-l is true, statement-2 is true; 
statement-2 is a correct explanation for 
Statement-1. 

Statement-1 is true, statement-2 is true; 
statement-2 is nota correct explanation for 


Statement-l. 
Statement-1 is true, statement-2 is false. 


satisfies m*-- 2m? = 24 
(a) 
(b) 


(© 


(9) 


Conic Sections 


44. 


45. 


46. 


47. 


48. 
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An ellipse is drawn by taking a diameter of the 
circle (x— 1)? + ?— 1 as its semi-minor axis and 
a diameter ofthe circle x? + (y 2)? — 4is semi- 
г axis. If the centre of the ellipse is at the 
origin and its axes are the coordinate axes, then 
the equation of the ellipse is : 12012] 
4 (b) х2+4у2= 8 
у2=8 (d) 22+ 4у2=16 
The chord РО of the parabola у? = x, where one 
end P of the chord is at point (4, — 2), is 
perpendicular to the axis of the parabola. Then 


(а) ty 


the slope ofthe normal at Q is 120121 
1 
(a) -4 (b) E 
1 
© 4 (d) 7 


4 
The circle passing through (1, 2) and touching 
the axis of x at (3, 0) also passes through the 


point [2013] 
(а) (-5,2) (b (2,-5) 
© 6,-2) (4) (2,5) 
The equation of the circle passing through the 
foci of the ellipse 2— = 1, and having 
centre at (0, 3)is 12013] 


(а) х?+у?-бу- 


Given : A circle, 2x2 +2у? 


y= A Sx. 


Statement- 


=5 and a parabola, 


: Ап equation ofa common tangent 


to these curves 


5 
Statement-2 : Ifthe line, y = mx + 8 (m s 0) 
m 


is their common tangent, then т satisfies 

m*-3p? 2-0. [2013] 

(a) Statement-l is true; Statement-2 is true; 
Statement-2 is a correct explanation for 
Statement-1. 

(b) Statement-l is true; Statement-2 is true; 
Statement-2 is nota correct explanation for 
Statement-1. 

(c) Statement-1 is true; Statement-2 is false. 

(d) Statement-1 is false; Statement-2 is true. 


49. 


51. 


52. 


РА 
» 


The locus of the foot of perpendicular drawn 
from the centre of the ellipse x2 3y? — 6 on any 
tangent to it is 


12014] 


Let Cbethe circle with centreat (1, 1) and radius 
= 1. If T is the circle centred at (0, y), passing 
through origin and touching the circle C 
externally, then the radius of Tis equal to 
12014] 


2 
01 
43 
@ > 


Theslope of the line touching both the parabolas 


y? =4x and x? =-32y is 120141 
1 2 

@ y ът 
1 3 

© 5 @ 5 


Let O be the vertex and Q be any point on the 
parabola, х2 = 8y. If the point P divides the line 
segment OQ internally in the ratio 1 : 3, then 
locus of P is : 12015] 
@) у?=2х (b) х2-2у 

(с) х?=у (@ у?=х 

The number of common tangents to the circles 


х2-у- Oand x2+ y? +6x+ 18y+ 
26-0,is : 12015] 
@ 3 (b) 4 
(c) 1 (d) 2 


Thearea (in sq. units) of the quadrilateral formed 
by the tangents at the end points of the latus 
E 


rectum to the ellipse — 5 du is: [2015] 
27 

(а) > (b 27 
27 

у =н d) 18 

(c) 4 (d) 
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55. 


57. 


59. 


60. 
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Locus of the image ofthe point (2, 3) in the line 
Qx-3y*4) -k(x-2y*3)-0, ke К, isa: 
12015] 


(a) circleof radius /2, 


(b) circleof radius 4/3, 


(c) straight line parallel tox-axis 
(d) straight line parallel to y-axis 

The centres of those circles which touch the 
circle, x? + y? — 8х — 8y—4 = 0, externally and 
also touch the x-axis, lie on: 12016] 
(а) a hyperbola 

(b) aparabola 

(c) acircle 

(d) anellipse which isnota circle. 

The eccentricity ofthe hyperbola whose length 
of the latus rectum is equal to 8 and the length 
of its conjugate axis is equal to half of the 


distance between its foci, is : [2016] 
2 

о ® VB 
am ay ch 

© 3 (d) B 


Ifone of the diameters of the circle, given by the 
equation, x? +y?—4x + 6y—12=0, isa chord of 
a circle S, whose centre is at (-3, 2), then the 


radius of S is: [2016] 
(a) 5 (b) 10 
© 5/2 @ 5/3 


Let P be the point on the parabola, у? = 8x which 
isata minimum distance from the centre C of the 
circle, x? + (y +6)? = 1. Then the equation of the 
circle, passing through C and having its centre 


atP is: [2016] 
(а) х?+у®-^+2у-24=0 
(b) х?+у?—4х+9у+18=0 
(с) х?+у?—-4х+Ву+12=0 
(4) х2+у2-х+4у-12=0 
A hyperbola passes through the point 


P(V2,/3) and has foci at (+2, 0). Then the 


tangent to this hyperbola at P also passes 
through the point : [2017] 


@ (-/2.-43) ©) (552.248) 
(€) (242.343) (à (43.42) 


61. 


62. 


63. 


64. 


66. 


The radius ofa circle, having minimum area, 
which touches the curve y = 4 — х2 and the 
lines, y= |x| is: 12017] 


@ 442 +1) ©) 202 +1) 
() 202-1) ( 4(v2-1) 
Tangents are drawn to the hyperbola 


Ax? — y? =36 at the points P and Q. If these 
tangents intersect at the point T(0, 3) then the 


area (in sq. units) of APTQ is: 12018] 
(а) 54/3 ©) 604/3 
© 365 (d) 45/5 


Tangent and normal are drawn at P(16, 16) on the 
parabola у? = 16x , which intersect the axis of 


the parabola at A and B, respectively. If C is the 
centre of the circle through the points P, Aand B 


and ZCPB=9, then a value of tan0 is: 


12018] 
(a) 2 (b 3 
4 1 
© 5 @ 2 


Two sets А and B are as under : 
А = (a,b) e RXR:]a-5|«land|b -5|«1]; 


B= {(a,b) eR XR :4(a - 6)? +9(b- 
Then: 

8) ACB 

(b) АВ =0 (an empty set) 

(c) neither AC BnorBC A. 

(d BcA 


If the tangent at (1, 7) to the curve x? = y- 6 


<36} 
12018] 


touches the circle х +y? +16х+12у+с=0 


then the value of c is : 12018] 
(а) 185 (5) 85 
(c) 95 (d) 195 


If the line y = mx + 743. is normal to the 
2 


= 1, then a value of mis: 
[2019] 


hyperbola 2-27. 
ЫЗ 24 18 


(a) (b) 


sa 
2 
3 
© (d) ЯН 


tale els 


Conic Sections 
67. 


68. 


69. 


70. 


т. 
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All the points in the set 
[a «к= М1) tie ona: 
a-i 


(a) straight line whose slope is 1. 
(b) circle whose radius is 1. 


12019] 


s= 


(c) circle whose radius is 42. 
(d) straight line whose slope is 1. 


Ifa tangent to the circle x? + y? = lintersects the 
coordinate axes at distinct points P and Q, then 
the locus of the mid-point of PQ is: — [2019] 


(а) х?+у?-4х2?=0 
(b) х?+у?—2ху=0 

(с) х2+у2 – 16х2у2=0 
(4) x2+y?— 2x2? 


If one end of a focal chord of the parabola, 
у? = 16x isat (1, 4), then the length ofthis fooal 


chord is: [2019] 
(а) 25 (b) 2 
(c) 24 (d) 20 


Axisofa parabola lies along x-axis. Ifits vertex 
and focus are at distance 2 and 4 respectively 
from the origin, on the positive x-axis then which 
of the following points does not lie on it? 


12019] 
(а) (5.246) (b) (8,6) 
© (6 442) (d) (4-4) 
Equation of a common tangent to the circle, 
x? e y! - Gx- 0 and the parabola, у2 = 4x, is: 
[2019] 
(0) /зу=х+3 


(9) /зу=3х+1 


(а) 243y-7 12x81 


© 243y7-x-12 


72. 


74. 


75. 


Three circles of radii a, b, c (a < b < c) touch 
cach other externally. If they have x-axis as a 
common tangent, then: 12019] 


al- al- 


S 


(c) a,b, carein A.P 


(d) Wa, Vb, ve areinA.P. 


If the distance between the foci of an ellipse is 
бапа the distance between its directrices is 12, 


then the length ofits latus rectum is: [2020] 
(a) 3 (0) э/2 

3 
OF @) 245 


mx +4 is a tangent to both the parabolas, 
2 =4x and x? = hy, then b is equal to: [2020] 
(а) 32 (b) 64 
(d 1% 


= 1, where z = x + iy, then the 


12020] 


point (x, y) lies on a: 


(a) circle whose centre is at (3 


(b) straight line whose slope is 


3 
(©) straight line whose slope is 5. 


(d) circle whose diameter is 


Answer Key 


3 


(b) | (©) | (b) | (b) | (d) 


8 
(b) 


9 1 211 
(d) | (b) | (d) 


(b) 


(а) 


64 
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cC Solutions 


25 


1. (c) Given equation of circle x? +) 
> ?+у?=(у-тх)? 


= х2 = т?х?—-2 my; 


= x? (1 ~ т?) + 2тху = 0. Which 
represents the pair of lines between which 


theangle is 45°, 


1- т = т 


=> 1-љ2= + 2m => m + 2т-1=0 


+3414 
2 


шаа гай, 


2. (а) ~ The centre C of circle of radius 3 lies on 
circle of radius 5. Let P(x, y) in the smaller 


circle. 


we should have 
ОА < OPS ОВ 


= (5-3) <q x? +y? $543 


—4sx y! «64 
3. (b Letthe required circle be 
х2 + y!h2gx +2у+с=0 


Since it passes through (0, 0) and (1, 0) 


On putting these values, we get 


1 
=c=0and g=-— 
с 87 


Points (0, 0) and (1, 0) lie inside the circle. 
х + y! = 9, so two circles touch internally 


= 0067r-r 


esf aeo 


[om 


Squaring both side, we get 


Let ABC be an equilateral triangle, whose 
medianisAD. А 


B © 


In equilateral triangle median is also altitude 
So, AD.LBC 

Given AD —3a. 

Let AB=BC=AC=x. 

In ЛАВР, AB? = AD? + BD? ; 

=> x? = 9a? + (x?/4) 

3 229g = 32-1202. 
4 


In A OBD, OB? = OD? + BD? 


2 x 
= (за-г?+2— 
э =@а-г?+7- 


=> г®=9а?-баг+т® + За? 
=> 6ar- 122? 
= r=2a 
So equation of circle is x? +y? = 4a? 
The equation of any tangent to the 
parabola y = Sax is 
у= ж 0) 
т 
If (i) is alsoa tangent to the circle, x? + y? 
2a 


=2a? then, V2a=+ 


түт? +1 
=> т(1+т?)=2 => (т?°+2\(т?-1)=0 
э т= +1. 
Putting the value от in eqn (i), we get 
у= +(х+2а). 
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6. (b) Given two circles intersect at two points Then, b? - 4! (22) 

n \n-n|< Qc 

—r-3«520«r«8 = в) 7 

16 
and i45 > СС, +32522 A 

From (1) and), 2-8. Let the equation of circle is 
7. (d) Araofcircle- n? - 154 r=7 Pty +2gr+2fy+e=0 ын (1) 

For centre, solving equation It passes through (а, b) 

24-3y23&3x-4y27 sa +0 +2ga+2fb+e=0 mm 2) 


we get, x=1,y=-1 
7 centre=(1,—1 ) 


Equation ofcircle, (x — 1)? +(y+1)? 


x? +у? -2х+2у=47 


8. (b) Equation of the normal to a parabola 


y? = 4bx at point (bi? 2н) is 


y=-hx+2bh +b 


Given that, it also passes through 


(v ЕЗ 
2му=—Ыыў +26 +Ыђ 


= 25 -21= nlg 2) 
> 2@›-)=-үй› + |) (4-4) 


= 2=-4lh t= += 


Foci =( + ae, 0)=( +3.0) 
foci of ellips 
for ellipse ae= 3 but a=4, 


e 


2 


yoa NS k+q кар 
pal [i (er 


foci of hyperbola 


Circle (1) cuts x? + y? = 4 orthogonally 
Two circles intersect orthogonally if 
28182 + 2f fo = +5 

n Ag x0+ 7х0) =с-4=с=4 

+. from (2) a? +b? +2ga+2fb+4=0 
f)is 
а? +b? -2ax -2by 4-0 


2. Locus of centre (= 


or 2ax+2hy =a? +b? +4 
Let the variable circle be 


x+y? +2ert2frtc=0 -0) 
Since it passes through (р, 4) 


ap +g +2 р+2й+с=0 202) 
Circle (1) touches x-axis, 


-0—c- g?.FromQ) 


2 
aga 


ра «2gp* 2fq 
Let the other end of diameter through 
(p. q) be (h, k), then 


h 3 
[ый gh k+q 
2 2 


Putting value of g and іп (3), we get 


2 


= I? +p? —2hp—4kq =0 
2. locus of (h, k) is 
x? + p —2xp-4yq =0 


= (x7 py’ =4qy 
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2. @ 
13. (d) 
14. @ 
15. (b) 
16. (b) 


Two diameters are along 
2x+3y+1=0 and 3x- y-4=0 
On solving we get centre (1, 1) 
Circumference of circle = 2л= 107 
25 


Solving y x and the circle 


x? + y? 22x = 0, we get 


x=0,y=0 and x=1,y=1 


-. Extremities of diameter ofthe required 17. 


circle are A (0, 0) and B (1, 1). Hence, the. 
equation of circle is 


(x-0)x-D- (7 Oy) 20 
2 


ET жу у=0 

Solving equations of parabolas 

y? =4ах and x? = 4ау , we get (0, 0) and 
(4a, Аа) 

Putting in the given equation of line 

2bx +3cy +44 = 0, we get 
d-0and2543c-0 


=> d +(2b+3e)? 20 


a 
Given that е = =. Directrix, х= = 4 
е 


wie 


хол 
2 


2842, 


Given that 18. 


2,2 
зэх” +у? +2ах+су+а=0 


sy =x? e y! -3actdy-1-0 


Equation of common chord PQ ofcircles 
sj and sp is given by зу = 55 =0 
= Saxt(c—d)y+at1=0 


Given that 5x + by — a = 0 passes through 
P and Q 


^. The two equations should represent 
the same line 


a E 
25.5.5 
а) bh су 
а_с-а_а+1 
2.00.0015 
1 b. 


а?+а+1=0 [À 
2. Noreal value of a. 
(d) Equation of circle with centre (0, 3) and 


radius 2is x7 &(y-3) =4 
Let locus of the centre ofthe variable circle 
is (a, B) 

It touches x - axis. 

It's equation is 


(x-ay «(y- pr = 


Q 
e 


Circle touch externally > сүс. 


уа? +(B-3)? =2+В 


? =p 4448 


=л+» 


a? +(B-3)? 
a? +B? -6849-p?-4-4p 


=> a? -10-1/2) 


3) 


Which is equation of parabola. 
(d) Let the centre variable circle be (а, В) 


^. Locus is 


Tt euts the circle x? + y? = p? orthogonally 


Conic Sections 


19. 


@ 
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5 Обі 2212 +27 = а +з мевеі 


2(-9)х0+2(- В)х0= e - p? 


2 


>q= 


Let equation of circle is 


2 


x +y? -2ax-2fy - p? -0 


77 It passes through (a, b) 


= a +b? -20a- 20b p? 
г. Locus of (a, В) is 
72x 2by - (à +b? + p?) 0. 


Given that area of one sector 

= 3 x area of another sector 

= Angle at centre by one sector 

=3 x angle at centre by another sector 
Let one angle be 0 then other = 30 


Clearly 0 +30 = 180 => Ө = 45° 

(Lincar pair) 
2. Angle between the diameters repre- 
sented by pair of equation 


ax? + 2(a--b)xy + by? =0 is 45° 


2412 -ab 


ath 


2 (a by. -ab 


a+b 


22-52 +ab 


a+b 


^. Using tan0 = 


we get, tan45^ = 


sls 


= (a+b) 


a? +57 +ab) 


= a" +b? +2ab = 4а? +4b? + 4ab 


= За? +3b° +2ab = 0 


20. 


@ 


@) 


Given P=(1,0),let O=(h,) 
Since О lies on y? - x 


^ К? =8h 40) 
Let (a, B) be the midpoint of РО 


h+l eO 
VN (CURT S 
2a-1-h — 28-k 


Putting value of h and К in (i) 
(2B)? -sQa-1) = p?-4a-2 


> у2-4х+2=0. 
We know that tangent to the hyperbola 


у=тх + Vam - 


Given that y 
hyperbola. 


ах+ В is the tangent of 


=>  m-aand ат? -b° = р>. 
aa? -b =p? 


а?х°- 


Locus is 


hyperbola. 
Given that ZFBF =90° 
=> FB? +Е'В? = FF? 


2 2 
& d +Мә +] = (2ае)? 


z 
SAPP? +2) = 4а?е* = е? -5 i) 
a 


В (0, b) 


S 
po dbi 


Bg i-e 
[from (i)] 


We know that e 


202 =l, e= 


т: 


м-74 


WWW.JEEBOOKS.IN 


Mathematics 


23. (d) On solving we get point of intersection of 
3x-4y-7-0 and 2x-3y-5-0 is 
(1.—1) which is the centre of the circle 


Arca of circle= лг? = 497 
г. radius- 7 


^ Equation is (x 1)? + (y 1? =49 26. 


= x? 4y?-2x4+2y-47=0 


24. (d) Giventhatcentre of circle be(0, 0) and radius 
is3 unit 
Let M(h, k) be the mid point of chord AB 
27 
where ZAOB = = 
27. 
2 
2 
9 
2 4 
2 9 
2. Locus of (h, k) is x7 +y? =| 
25. (a) Given that family of parabolas is 
2. Vertex of parabola is ( "ET ) 
To find locus of this vertex, 
28. 


y= 105 


105. А 
= у= a which is the required 


equation of locus. 
(a) Given that distance between foci is 


2ae=6 = ae-3and length of minor 
axisis 2528 > b=4 


we know that 5? = a? (1-6?) 


2 „2 a? =16+9=25 


(Ф) Equation of circle whose centre is (h, К) 


and touch the x-axis 


ie(x-hy + y-k)? 


=R 


см) 


(radius of circle = К because circle is tangent 
tox-axis) 
+ Equation of circle passing through (-1, 1) 
л 1-02 + (1 ke =P 
=> 1th +2ht+1+k 
=> h?+2h-2k+2=0 
D20 
г. 2)? -4 x 1.(-2k+2) 20 
= 4-4(-2k+2) 20 > 02k 


= ket 
2 


220 


(b) Given, equation of hyperbola is 


Conic Sections 


29. 


30. 


b 


© 
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Compare with equation of hyperbola 


2 


1, we get a? 


We know that, b? = a? (e? –1) 
=> sin? a = cos? a(e? -1) 
= sin? a cos! a = cos? a.e? 


= е? 2 


seca. 
> e-seca 
ae = cosa. = 
cosa 


Co-ordinates of foci are (tae, 0) 
ie.(t1,0) 

Hence, abscissae of foci remain constant 
when a varies. 

Given that parabola y" 


We know that the locus of point of 
intersection of two perpendicular tangents 
toa parabola is its directrix. 

Point must be on the directrix of parabola 

^ Equation of directrix x+2=0 

э х=-2 

Hence the point is (-2, 0) 

The given circle is х?+ у2+2х+4у-3=0 


м-75 


Let O(h, k) be the point diametrically 
opposite to the point P(1, 0), 
O+k 


2 


1-1 


then =2 


=h =3,6=-4 
So, Qis 3,4) 
Perpendicular distance of directrix 


31. @ 
a 
х= +2 from focus (жае,0) 


а 
=2_а=4 
е 


8 


=а= 


2. Semi major axis =8/3 
We know that vertex of a parabola is the 
mid point of focus and the point 


32-09) 


Lj 


where directrix meets the axis of the 
parabola, 

Given that focus is O(0, 0) and directrix 
meets the axis at B(2, 0) 


“(042 
= Vertex oftheparabolais (0320) (1.0) 


33. (a) Thegivencirclesare 
Sp = х?+у?+3х+7у+2р 


55 = х?+у?+2х+2у 


n 
) 
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> 
ES 
> 

34. (a) 


or 


Equation of common chord PQ is 
5,-5,-0 [From (i) and(ii)] 
L=x+5y+p?+2p-5=0 
Equation of circle passing through P and 
05543 L-0 
G3 +37 3x € Ty + 2p -5) 
+), (к+5у+р?+2р-5)=0 
Given that it passes through (1, 1), therefore. 
(7+2р)+ А. @р+р?+1)=0 
2р+7 
(р +1)? 
which does not exist for p =—1 
The given equation of ellipse is 


‚Ж; 


So, А = (2,0) and B=(0, 1) 
If PORS is the rectangle in which it is 
inscribed, then Р = (2, 1). 


2 


=> b?’ =4/3 [putting a? = 16 in eq" (i)] 
The required equation of ellipse is 


35. 


36. 


38. 


Mathematics 
(a) Given equation of circle is 
x? ty? -4x-8y 


Centre (2, 4), Radius = 4471675 =5 
Given circle is intersecting the line 


3х-4у = т, at two distinct points. 
= length of perpendicular from centre to 
the line radius 


16-м. = | 0-т| «25 
—-25«m +10<25=> —35«m«15 

(b) We know that the locus of perpendicular 
tangents 18 directrix i.e, х= —a;x —-1 

(а) If the two circles touch each other and 
centre (0, 0) of x2 + y? = c? is lies on circle 
А? + у? — then they must touch cach 


[2] 3 


(227 


Let (2, г) be point on parabola from that 
line have shortest distance. 


. +1 
2 Distance = 


" ЖОЕТ 1 
Distance is minimum when ү — 


^. Shortest 


Conic Sections WWW.JEEBOOKS.IN M77 
э 0-D-0P-ü0-28 «(-3* 


39. (d) Letthe equation of ellipse be => P=1+i?+9-6h 


Given it passes through (-3, 1) so 
Zyl 
2 Б 
Also, we know that 
b = а?(1-е?)= а?(1-2/5) 
=> 5b? =3a? EI 
3 
3 
So, the equation of the ellipse is 
3x? 45y? =32 
40. (b) Given circle whose diametric end points are 
(1,0) and (0,1) will be of smallest radius. 
Equation of this smallest circle is 
(х-1)(х—0)+(у—0)(у—1)=0 
0 


=1 КТ] 


10 
~. Length of the diameter = — 
3 


43. (b) Given that equation of ellipse is 212--2-4 


Solving (i) and (ii) we get a? = 


=> ху 
41. () Given that ae=2ande=2 
хал! where c= qa? m? +b? ) 


We know, Мом, Equation of tangent to the parabola 


=16V3x is yos s (ii) 
m 


(77 equation of tangent to the parabola 


1 а 
-4axis y=mx+—) 
т 


From (i) and (ii), we get 


EE жузт? 14 


т 


42. (a) Since, circle touches , the x-axis at (1, 0). Squaring on both the sides, we get 
So, let centre of the circle be (1, h) 16) - Qu? +4) т? 
=> 48=m 2n? 4) 
=> 2m'-4m?-48-0 
=> т*ї+2т?-24=0 
=> (т2+ 6)(т2 -4)=0 
= т2=4(2 m+-6) > т=+2 
Putting value ofm in equ. (i), we get 
Equation of common tangents are 


у=+2х+243 
Thus, statement-1 and 2 both are true. 
Given that circle passes through the point B (2,3) Statement-2 is correct explanation for 
CA- CB (radius) statement-1. 


= 42-08) 
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44. (d) Equation of circle is (v—1)?+y?=1 
= radius= 1 and diameter=2 
ATQ length ofsemi-minor axis b is 
Equation of cirele is х2 + (y - 2 -4- (2)? 
= radius=2 and diameter=4 
ATQ length of semi major a axis is 4 
We know, equation of ellipse is given by 


(ay 0) 
As it passes through (1, -2) 
л Ршх-1,у--2 
=> (1-3 (-2Р-3(-2)-0 
= А 
equation of circle is 
(x-3y +y2-8=0 
Now, from the options (5, -2) satisfies 
equation of circle. 
47. (a) From the given equation of ellipse, we have 


а=4,5=3,е= Jl 
16 


i dT d. 
mam 


= х?+4у?=16 
45. (a) Given that point P is (4, 2) and РО 1 x-axis 
So, from figure Q - (4, 2) 


Now, radius of this circle а2 = 16 


=> Focii= (+ V7, 0) 
Now equation of circle is 
(x-0 +02 3)2=16 
?+у?-бу-7=0 

48. (b) Let common tangent be 


1 
So, slope of tangent = 7 yemas 
m 
product of slope of tangent and Since, perpendicular distance from centre 
normal = -1 of the circle to the common tangent is equal 
з. Slope of normal = – 4 to radius of the circle, therefore 


Since circle touches x-axis at (3, 0) 
The equation of circle be 
(x3)? + (v-0F +4 =0 


46. (С) 


Conic Sections 


49. (а) 


50. @) 


WWW.JEEBOOKS.IN 


On squaring both the side, we get 
т? (1+ т?у=2. 

2=0 

=> (и +2) 1) =0 

=> т=+1 


= mtn? 


(Ce nm? 4-2) 


у=+(х +5), both statements are 

correct as т = +1 satisfies the given 

equation of statement-2. 

Given equation of ellipse can be written ав 
х 

6 

2 


+ 


-6,82-2 


Now, equation of any variable tangent is 


у= тууат +h? 0) 


where m is slope of the tangent 
So, equation of perpendicular line drawn 
from centre to tangent is 


>a 


ali) 


m 


Eliminating m, we get 
(xt + у* +2х? у?у= a2x? +57)? 


> (жу р ау? 


=> |(2 +92)? = 6x? + 2y? 


Equation of circle 


С=(х-1) +7- 
RadiusofT=|y| 
1 touches C externally therefore, 


M-79 


Distance between the centres = sum oftheir 
radii 


=> 40-1? +0- =y] 
=> (0-1#+(у-1)?=(1+|]? 


=> 1+у?+1-2у=1+у?+2у| 
2|у|=1-2у 


Ify>0 then 2 


Ify <0 then -2y7 1-2y20-1 
(not possible) 


нь. 
йам 
Given parabolas are 
унах 0) 
Y=-32y -© 


Let m be slope ofcommon tangent 
Equation of tangent of parabola (1) 
1 1 
у=тх+— NOI 
m 
Equation of tangent of parabola (2) 


y=mx+ 8m ii) 
(апа (ii) are identical 
1 1 
> —=8m > m 2) 
т 2 


ALTERNATIVEMETHOD: 


" 1 
Let tangent to y? = 4x be y = mx — 
m 


-32y 


Since this is also tangent to x“ 


1 
= 32( т = +) 
m 


32 
п 


э ?+32тх+—=0 
m 
Now, D=0 
32 
(32)? – 42) 
т 


П 
© 


м-80 
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52. (b) LetP(h, k) divides 
OQin theratiol:3 
Let any point Q on x? = 8y is (4t, 2t?). 


| P3 Q (4t, 20) 


o 


Then by section formula 


2 
k=— andh-t 
2 


2k =h? 

Required locus of P is x? = 2y 
х2 +у2-4х-6бу-12=0 
Centre, Сү 3) 

Radius, r, — 5 units 
х2+у?+6х+18у+26=0 
Centre, С, = (-3,-9) 

Radius, гу = 8 units 


+з ? (34-9)? =13 units 


nirn-548-13 


(a) 40) 


EI 


X 


С) 


Therefore there are three common 
tangents. 
The end point of latus rectum of ellipse 


( g 


1 in first дайа | ае) 
a 


54. (0 


and the tangent at this point intersects 


x-axis at (2, °) and y-axis at (0, a). 
e 


ра 
х 


2 
The given ellipse is > 


Then а? 


= е Гэ 


End point of latus rectum in first quadrant is 


L(2,5/3) 
Equation of tangent at L is = iu 

[~ Itmeets x-axis at (922,0) and y-axisat 8(0, 3] 
27 
“a 


By symmetry area of quadrilateral 


—4 х (Area AOAB) eon Sq. units. 


(a) Intersection point of2x — 3y-- 4 - 0 and 
x-2y*3-0is(1,2) 
AQ, 3) 
Р 
4.2) 
Bia, В) 


Let image of A(2, 3) is В(о, В). 


Since, P is the fixed point for given family 
of lines 


Conic Sections 
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So, PB=PA 
(a= 19 +0 2)2 = (2-1)? + (3-2)? 
(a1? +(B-2P = 14152 
(x- De y-29- (2)? 
Compare with 
(xay *(y- by 
Therefore, given locus is a circle with 
centre (1, 2) and radius 2. 
56. 0) 


PO 
Forthe given circle, 
centre: (4, 4); radius=6 
Let centre of variable circle is (7, k) and it 
touches x-axis, so radius = k 


(h—4)?=20k +20 

7. locus of (h, k) is 
(x—4P =20(y +1), 
which is a parabola. 


=8 and 2b = 1 (220) 


a 


— 42 =a? = 4a? (e? -1)=а?е? 


= 3c? =4 зэ 1 


КЕ 
58. @ $ 


VAN 
ед? 


59. 


[3] 


Given, centre of is О (-3, 2) and centre of 
given circle is A(2, —3) and radius is 5. 


—0A-542 

Also AB = 5 (-. AB = radius of the given 
circle) 

— Using pythagoras theorem in AOAB 
r=5y3 

Minimum distance — perpendicular 
distance 

Eq" of normal at p(2t?, 4t) 
y=-tx+4t+203 

It passes through С(0, -6) 
=G42t+3=0>t=-1 


PË, 4t) 


Centre of new circle = P(2t?, 4t) 
-PQ,-4) 


Radius = РС = 4 +(-446)" 
EN 


Equation of circle is : 


(x22 +(y+4) =(2v2) 
х2 +у?-4х+8у+12=0 


x 
Equation of hyperbola is “y~ 
a 


foci is (£2, 0) > ае= +2 => a?e? 
Since b? = à? (e? — 1) 

2 =а2 е2 а2 „, a? +b? =4 wi) 
Hyperbola passes through (/2,/3 ) 


ES i) 
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1 [from (i)] 


=>bt+b?-12=0 
= (62-3) (2+4) =0 


(Not possible) 


5 
Equation of tangent is ~~ бу =1 
Clearly (2,/2,3,/3) satisfies it. 
61. (None) 
(Let the equation of circle be 
х?+(у-К)?=г? 
It touches x- y= 0 


Equation of circle becomes 


+ (y-kP= — EU 


It touches y = 4 — x? as well 


62. 


Mathematics 


Solving the two equations 


k 
> 4A-ytG- Wh = > 


2 k 
> 1у7-у2К+1)+-—- +40 
It will giveequal roots ~. D=0 


> ске 4 


=> 2k?+4k-15=0 


T -24484 


> 


ERN 
x2 


Which is not matching with any of the option 


given here. 
(d) Here equation of hyperbola is 
2 


2 


9 
Now, PQ is the chord of contant 


. X0) y) 
(A2 i 
Equation of PQis 77-56 
=> y--12 
Y 
TACO, 3) 

х 

R 

Y 


Area of APQT =4xTR<PQ 


=(3V5,-12) 2. TR=3+12=15, 


Area of APQT 
1 


15x 65 = 4545 sq. units 
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63. (а) Equation of tnagent at P(16, 16) is given 


as: 
x Ак: 2х-у+5=0 
ЎР 
Now, perpendicular from centre O(-8, -6) 
to 2x—y + 5 = 0 should be equal to radius 
of the circle 
[16+ 6+5 кл ас 
5 
4 
Slope of PC (т) = > = 4s-4oo-c 


Slope of PB (m;)--2 эс=95 
66. (c) Since, Ix + my + n = 0 is a normal to 


Hence, ац 0 - 


=> tan0-2 
64. (à A={(a,b) eRxRja-5|«L|b-5|«l] 
Leta-5-x,b-5-y 
Set A contains all points inside 


E 
Ixisblyist to hyperbola 7— n 
= (0,5) eR xR:4(a—6). 4-9(b—5). <36} : 
Set В contains all points inside or on then 2®_ 18 _ C4418, 2 
т (cy (73)? 45 
2 2: 
(х=) PA ati 
67. (b) LetzeS then z=—— 
a-i 
Since, z is a complex number and let 
z=xtiy 
MECEDA 22 
Then, Х+й 3 (by rationalisation) 
a^ +1 
нус 60-0, 08) 
+ g +1 
Then compare both sides 
хэлт : 02-1 
(41,41) lies inside the ellipse. x= NO 
+1 
Hence, AC B. p 
65. (с) Бнр ана ан, 7)юх2-у-6 yes 40) 


7 
is2x—y+5 а? +1 


м-84 


68. (а) 


69. (а) = 


70. 0) 
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Mathematics 
Nowsquaring and adding equations (1) and (2) y 
4a? 
+— 
(a^ +1) 
Let any tangent to circle x?+ y? = 1 is n 
O| Q. 0, (4.0) 


x cost - y sinü- 1 
Since, P and Q are the point of intersection 
on the co-ordinate axes. 


1 
со: 


Then Р 0 «о 


~<. mid-point of PQ be 


2 uj. 
25-22 шэн 


он 
2h 


= cos0 = Ко 


1 
sinü- — 
эо = 57 40) 


Now squaring and adding equations (1) and (2) 


2 
зэ -а20 


One end of focal ofthe parabola is at (1, 4) 
7 y-coordinate of focal chord is 2at 


12 а=4 


SE 


Hence, the required length of focal chord 


p їү 
=a(r+4) =4x(24.) =25 
t 2. 


Since, vertex and focus of given parabola is 
(2, 0) and (4, 0) respectively 


Уу 


Then, equation of parabola is 

(v-0? -4x2(x-2) 

=> 32= 80-16 

Hence, the point (8, 6) does not lie on given 
parabola. 


71. 5) Since, the equation of tangent to parabola 


y! -4yis 


1 
тх+ p EU 


The line (1) is also the tangent to circle 
x24? -6r=0 
Then centre of circle = (3, 0) 
radius of circle = 3 
The perpendicular distance from centre to 
tangent is equal to the radius of circle 


1 
3т+—| 
m 


2 
=з (3m+ L) =9(ї+т?) 
m 


1... 
res 


Hence, J3y- x43 is one of the required 


Then, from equation (1): y — 


‘common tangent. 
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72. (a) Tangent of? = 4x is 
1 
= узсштхаг-- (ш). 
т 
[> Equation of tangent of? = 4 ax is 
44 
Д mee] 
4) From (i) and (ii) 
X Y 2 237 
АМ? = АС - MC? 
= гр ^ 2 = " 1 
Gto асау mig So, line y = —X*4 is also tangent to 
— AM =Х?=4ас 4 
нк parabola 
= НЕ 22 = 2hy, so sol ve both equations. 
Similarly, YZ- 2Vba and XZ- 2Vbc ЯВ? 
2 
Then, XZ=XY+ YZ x = 2 ) 
= Whe = 2Wac+2vba => w-bx-16b=0 
ШИИ = D-0 [For tangent] 
=a ab: ale. => B-4x2x(-165)-0 
" => «32x 4b-0 
73. (b) 2ae-6and —=12 128, b — 0 (not possible) 
е 
75. x+iy 
> ae=3 E 9 1 
) - )tiv 
md Zs = ёьс iG) 2z«i|  (х+їу)+ї 
ЕЭ “м... and Gi (х= 2x-@ytb 
= @=18  [From(i) and (й) perm 
= Ю=4@-а%?=18-9=9 
+1 ) _2х(х-1)+у(ду+!1) 
ti 2 " 
Latusrectum — s * e» +0 
2 2 
3y (48 
74. (с) y=m+4 => (+1) o3) (5 
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Limits and Derivatives 


lim is 12002] 
x0 

(а) 1 (b) -1 

(с) zero (d) does not exist 
(x2 45x43)" 

sel ата ШУ”, 
(а) 4 (Б) е2 

© e (d) 1 


Let /2)-4and /'(2)-4. Then 


is given by 12002] 
O 2 
(d 3 
2s 1Р#+2Р+3Р+..+пР. 
lim н 12002] 
n>% n” 
c - 
e nu (b) 1-р 
LS s T. 
9 2751 o v 


lim .n EN, ([x] denotes greatest 


log x” —[х] 
x90 x] 
integer less than or equal to x) 12002] 
(a) has value-1 (b) has value 0 
(c) has value 1 (d) does not exist 


EAL f" ()- 2, then tim VLC)! is 
хэ/ Ух-1 
12002] 
@) 2 (5) 4 
© 1 @ 10 
If jim 08807 1088-3). the value of 
хэд х 
kis [2003] 
2 
8-3 (0) 0 
1 2 
(9 == (d) 5 


im. is 12003] 
Өн З|р-ыг 
1 
(а) = ®х 
1 
© 0 @ зу 


2x 
If i. (i2 =e2, then the values 
x 


ofa and b, are 12004] 


(а) a-landb-2 (b a=l,b ER 
© aeR,b=2 (d acR,beR 
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10. Let а and be the distinct roots of (cos? 
sin(cos 
3 m 15. di 2014 
ах? bxc = 0, then jim 129097 Exo) хэй EO 
PW Wm (a) O) л 
is equal to 12005] 
ад 2 (с) (9 1 
(а) —(a-py (b) 0 
2 1 16. equals : 12017] 
© —-«-B* @ ze- 
1. Let f: R  R be a positive increasing function gi qm 
al E 
rx 2x 4 24 
with lim 2 D ү then, lim m | í 
хэ f(x хэн f(x 
(010) © OF 
2 3 17. For cach (Є, let [t] be the greatest integer 
@ 3 (5) 2 less than or equal to t. Then [2018] 
? 3 d) 1 2 [15 
© 9 lim Ч 22-12) 
lim x0 Е s ху 
m. m [2011] (a) is equal to 15. 
(b) isequalto 120. 
(a) equals y7 (b) equals — y7 (c) does not exist (in R). 
i (d) is equal to0. 
(c) equals jy (d) doesnot exist : пр 
їз. Letf: > (0,6) be such that lim ffx) exists пш 12019] 
| 1 
and lim [201168] 0) exists and equals 777 
hen 1 |. (b) exists and equals 7 т 
Then lim fa s: exists and equals 
en ны ФЕ ёс 
(a) 0 (b) 1 
o 2 @ 3 (0 existsand equáls — 
. (I7 cos2x)(3-- cosx) , 242 
14. lim —— — TEE" is equal to [2013] 
M. wien 4x (d) does not exist 
1 1 
a) -1 W 5 23 4377 
Os 2 19. lim 2 —— — is equal to 12020] 
© 1 @ 2 xx 3 


Answer Key 
HERES 
(9) | (а) | (е) | (а) | (9) | € 
16 | 17 | 18 | 19 
(е) | (b) | (а) | 36 
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м-88 

эн! 
2. (а) 
з. © 
4 @ 


Solutions 


y2sin? x 
хэд 42x 


lim => lim Binal 


хэд х 


зїпӨ 
E tnt? =] 


The limit of above does not exist as 
LHS--1«RHL- 1 


(ха) 
txt? |?+х+2 


б X Axel 
= lim (ue | А 
хэ х? +х+2 


89 


Given that /(2) — “hand f0)= 4 


Wee, m20, (9) 


хә? x-2 


Applying L-Hospital's rule, we get 


im Л(2)-2/ (х) -/(2)-2/ (2) 


=4- dn E 


1? +22 +... 
"I 


" +n” 
lim 


no 


Т 
пор 1 рч 
= lim У-Т--|а- 5-1 = 
noo Pony pHj pH 
@ Since, 


0 
doesnot exist, hence te required limit does 
notexist. 

ба) Given that Д1) = 1 апа/(1)=2 


fœ- (0 
lim SS | — | 
юм д (5) нэн, 
Applying Hospital's rule, we get 
o9 
c “гал JJO 


logGx)-log8—x) | 


lim 31-14: fim fx]=0. So lim 


2400 


() lim 


хэд 


Applying L'Hospital rule, we get 
1 


-1 


(7 Нил 
@ — r 


ki 1-cos0 = 2sin? 3| 


= lim 


2032 2 
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Limits and Derivatives M-89 


9. (b) Weknowthat lim (1+) 


von 


12. @ lim 


ЕЕЕ z] 
2 


Given that lim. (te 
x0 4 2 


М |sin(x -2)| 
= lime 


эз x-2 


LHL У2зицх-2) 
[rr Dm cn 
tim |] “по 
mel 5122-2422 RL gg У?зшх-2)_ 5 
(мх-2)7 832) (x-2) 
=a=landbeR Thus ms + BEL 
22762 


10. (а) Giyenthat 


ax? + bx + c- a(x- ax- B) nt. Th 


ii 1-eosa(s ауар) , 
xoa (x-a)? exist. 


13. (d) Giventhat lim 


(х-а)? a5 
sin? (06-8) » ESI 
= 2 2 2 2 
a (oy B) = [lim reo] =9 = 1imsoy=3 
4 2 E 
а. Ф. 
ха ӨВӨГ BY ра @ Multiply and divide by x in the given 
P expression, we get 
= „ (1—соз2х) (З+совх) х 
2 EE ТОО tandx 
11. (d) Given that f(x) isa. positive increasing i 
function. [ 1-cos2x = 2sin? i 
©. 0< f(x)« fQx) < fx) 2 
Divided by (x) _ ЕЕ: 
pe 09/09 tanay 
= © уху fe LE 


> lim 1s lim C9 < jim £69 
se хэв f(x) хэв f(x) 


By Sandwich Theorem. ТЭЭН” 
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= lim sin ЛЭШ х) lim x 15) 15:18 20 
i0 x m 2 
Ev sin (л – 0) =sin 0] 
2o NIE y* 242 
- lim sin 18. @ L- tim d HÀ `— 
хэд 
NES E (dee Ley г лү 1+у* +2] 
x0 x zii 
d уэд P n 
16. (©) lim Usin y (ЕЕ +v] 
эт -sfx-2] 
E 2 
=й 
= tim 890-5) “| 1-2) 
хэр 1-1 
2 ШИЛЭН! 
лт т = li 
l-x-t хэс 
Put 2 — as 2 1-0 yo »( m hey m Tm | 
= lim 1ey*-1 
"m (derer eder +1) 
ume 1-с081 - 1 
= li = EFE 
шов e 2/2х2 47 
19. (36) Let3*=F 
17. @) Since, dim КЕЕН Н 
хэй! х х х 


Р (Bisous) 
= dim x| ————— —|- 


(9-8-6) 


1122 +27 
„=й + 
1-3 1-3 


(à -3093Y0-3) 
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Reasoning 


DIRECTIONS: Given below question contains two 
statements: Statement-1(Assertion) and Statement-2 
(Reason). This question also has four alternative 
choices, only onc of which is the correct answer. You 
have to select the correct choice. 

l.  Letpbethe statement “vis an irrational number", 
q be the statement “y isa transcendental number 
and r be the statement “х is a rational number iff 
y isa transcendental number". [2008] 
Statement-1 : ris equivalent to either q or p 
Statement-2 : ris equivalent to ~ (p €» —q). 
(a) Statement-1 is false, Statement-2 is true 
(b) Statement -1 is true, Statement-2 is true; 

Statement -2 is a correct explanation for 
Statement-1 
(c) Statement -1 is true, Statement-2 is true: 
Statement -2 is not a correct explanation 
for Statement-1 
(d) Statement-l is true, Statement-2 is false 
2. Тһе statement p — (qp) is equivalent to 


12008] 
(а) pq (0) pv) 
(с) рэ (рл) (4) p> (рө) 


DIRECTIONS: Given below question contains two 

statements: Statement- (Assertion) and Statement -2 

(Reason). This question also has four alternative 

choices, only one of which is the correct answer. You 

have to select the correct choice. 

3. Statement-1 : ~(p4~ q) is equivalent to 
peq. 


Statement-2 : ~ (p +~ q) isa tantology 
12009] 


39 


s true, Statement-2 is true; 
nota correct explanation for 


(a) Statement-l i 
Statement-2 
Statement-l. 

(b) Statement-l is true, Statement-2 is false. 

(c) Statement-1 is false, Statement-2 is true. 

(d) Statement-l is true, Statement-2 is true, 
Statement-2 isa correct explanation for 
statement -1 

Let S bea non-empty subset of R. Consider the 

following statement : 

Р: There is a rational number x € S such that 
x0. 

Which of the following statements is the 

negation of the statement P ? [2010] 

(a) Thereis norational number x € S such that 
x<0. 

(b) Everyrational number x € S satisfies x < 0. 

(c) x € Sandx<0 => xisnotrational. 

(d) Thercisa rational number x c S such that 
x<0. 

Consider the following statements — [2011] 

uman is brilliant. 

uman is rich 

yuman is honest 

The negation of the statement "Suman is 

brilliant and dishonest if and only if Suman is 

rich” can be expressed as 


(а) -(QO(P^-R) 
(bt) -Qe-PAR 
(с) ~(PA~R) OQ 
(d -P^(Qe-R) 


Theonly statement among the following that is 
a tautology is [2011RS] 


м-92 
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(a) A^(AvB) 
(b Av(AAB) 
(с) [A^(A >B)]>B 


(d B>[A^(A  В)] 

7. Тһе negation of the statement 

"If Ibecome a teacher, then I will open a school", 

is 12012] 

@) I will become a teacher and I will not open 
a school, 

(b) Either I will not become a teacher or I will 
not open a school. 

(c) Neither I will become a teacher nor I will 
open a school. 

(9) Iwill not become а teacher or I will open а 
school. 

8. Consider 

Statement-l : (p a~ q) ^ (~p ^ q) isa fallacy. 

Statement-2 : (p > q) © (~ q > ~ p) is a 

tautology. [2013] 

(а) Statement-1 is true; Statement-2 is true; 
Statement-2 is a correct explanation for 
Statement-1. 

(b) Statement-1 is true; Statement-2 is true; 
Statement-2 is not a correct explanation for 
Statement-1. 

(c) Statement-1 is true; Statement-2 is false. 

(d) Statement-1 is false; Statement-2 is true. 


9.  Thestatement [2014] 


-(p€-4) is 
(a) a tautology 
(b) afallacy 
(c) equavalent to pq 
(d) equivalent to ~ p q 
10. The negation of ~s v (~ ra s) is equivalent to : 
[2015] 
@) sv(rv-s) (b) sar 


© sa~r (d) sa(ta~s) 


11, 


13, 


14. 


15. 


16. 


The Boolean Expression 
(рл —q)vqv(- paq) is equivalent to: 


12016] 

(а) руа (b ру-9 
© =рла (4) paq 

. The following statement 12017] 
(p>q)>[(~p>q)>q] is: 
(а) a fallacy 
(b) a tautology 
(с) equivalent to~ p >q 
(d) equivalent to p > ~q 
The Boolean expression 
~ (ру 9) v рл) isequivalentto: [2018] 
(а) р (b q 
() ~q (d) -p 
For any two statements p and q, the negation of 
the expression p v (= p^ q) is: 12019] 
(a) -p^-q (b p^q 
(с) Peq (d -pv-q 
Ifthe Boolean expression 12019] 
(p ®q) A(~ pO 9) is equivalent to 
PAG, where €, © €(^, v] then the 
ordered pair (®, ©) is: 
(а) va) ® (v.v) 
(с) (a,v) (à) (^.^) 
The logical statement 
(p> 4) ^(4 = -р) is equivalent to: [2020] 
(а) p (b) q 
(с) -P (d) -q 


Answer Key 


| 1 (|21з [a ts [oe (7 (вэ (лол J| | a3 аа | as | 


(Мопе) (b) | (b) | (b) | (а) | ©) (b) | (c) | (b) | (а) | (Б) | (D (а | © 
16 


Lo] ] lI II | 
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ce Solutions 25 
L (None) From table we observe that 
Given that > (qp) is equivalent to p»(pvq) 
р: xisan irrational number ый анкара M. 
isa transcendental number 3. b Ti e truth table for the logical statements, 
“Хавтан овуна involved in statement 1, is ав follows : 
transcendental number. © @ 
clearly r:- pq Р|4 | -4|РӨ-4|-(рӨ-4) pos 
Truth table to check the equivalence of *r^ r|r|rF| F T T 
and ‘g orp’; ‘ and ~ (p &- q) тетт Е F 
à a (iy Е|Т|Е|„ T Е F 
F|F|T| F T n 


From columns (1), (ii) and (iii), we observe, 
that none of the these statements are 
equivalent to each other. 
2. Statement las well as statement 2 both 
are false. 
2. None of the options is correct. 

2. (b The truth table for the given statements, 
as follows : 


We observe the columns (1) and (ii) are 
identical, therefore 

(р €x ~q) is equivalent top «эд 

But ~ (p —) is not a tautology as all 
entries in its column are not 7. 

2. Statement-1 is true but statement-2 is 
false. 


4. (b) Given that P : there is a rational number 
xes such that x » 0. 
~P :Everyrational number хє satisfies 
х<0. 

5. (а) Given that Suman is brilliant and dishonest 


ie. (P^ ~ R) ifandonlyif Suman is rich is 
expressed as 

Q € (Рл ~ В) 

Negation of it will be ~ (Q €» (Рл ~ R)) 


A|B[AvB|AAB|AA(^vB) |Av(AAB)|A— BJA A (A B)| [A A (^ — B—BI | [B> [A ^ (А >B)] 
TIF F T T F Е T T 
FIT] T F F F T F T F 
21:31 “T p T T T T т т 
FIF] F F F F T Е т т 


It is tautology. 


7. (à) Letp:lbecomea teacher. 
q: Twill open a school 
Negation of pq is ~ (p > q)=p a ~q 
i.e. I will become a teacher and I will not 
open a school 


8. (b) Statement-2: (p >q) © (~q > ~p) 
(p  q)€» (p ^) 

which is always true. 

So, statement 2 is true 
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Statement-1: (p л) ^ (~p ^q) 10. 6) -[-svCrAs)] 
ZANAN ENT звл(-гл5) 
= АДЫ =sa(tv~s) 
Sostatement-1 is true =(SAr) У (6л 5) 
9. © (a) (ii) =(sar)vf 
p|4|-4|pe-4|-po-0|re4 явалт 
zd ok T T 11. (а) (pq Vqv(-p^q) 
FT| EF т F F 
T|F|T T F F = ((pvq)^(-qVq) V(~p^q) 
rir|r]| F T T = (руч) ЛТ) vV(~ p^q) 
From column (i) and (ii) are equivalent. = (pVq)V(~pAq) 
Clearly equivalent to p €» q = {(PVq)V ~p} A(p¥ qv q) 
=TA(pVq) 
=>pvq 


12. () We have 


р [а [=p [p> a] =p>a[Cp> 0 2 a [> 9 ^ (рэд) 4) 
T|F|F F T E T 
TTE T T T T 
Е|Е|Т Л. Е T T 
РТТ T = N T 
Tt is tautology. 
13. @ -(pvqg)v(-p^q) 15. (c) Check each option 
(C p^-q)v(-p^q) (а) (pvq)^Cp^q)- Cp^q) 
=~ pa(~qvq) (b) pvqg^Cpvq)- (p^-pvaq-Fvq-q 
=-рлїі=-р (©) (p^qg^Cpvq)-(p^qe-pvip^q)^q 
14. 8) ~(pv(~paq)) =ЕУ(рлф=рлд 
=- (ру ~p)A (ру q))=~(ta (руд) (d) p^q)^Cp^q)- (p^-D^q-F^q-F 


(ру 9) =~рл ~q 


Clearly (р => q) л (q = -р) 8 equivalent to ~p 


WWW.JEEBOOKS.IN 


Statistics 


(14) 


In a class of 100 students there are 70 boys whose 
average marks in a subject are 75. Ifthe average 
marks of the complete class is 72, then what is 


the average of the girls? 120021 
(а) 73 (b) 65 
(с) 6 (d) 74 


The median of a set of 9 distinct observations 
is 20.5. If each of the largest 4 observations of 
the set is increased by 2, then the median of the 
new set 12003] 
(a) remains the same as that of the original set 
(b) is increased by2 

(c) is decreased by 2 

(d) istwotimes the original median. 

In an experiment with 15 observations ол х, the 
following results were available: 12003] 
Ух? = 2830, Ух 2170 

One observation that was 20 was found to be 
wrong and was replaced. by the correct value 


30. The corrected variance is 12003] 
@ 833 (b) 7800 
(c) 18866 (d) 17733 


Consider the following statements : 
(A) Mode can be computed from histogram. 
(B) Median is not independentofchange of scale, 
(C) Variance is independent of change of origin 
and scale. 

Which of these is / are correct ? 
(а) (А), (В)апа(С) (b) Only(B) 
(©) Only(A)and(B) (d) Only(A) 

In а series of 2 п observations, half o them equal 
a and remaining half equal ~a. If the standard 
deviation of the observations is 2, then |a| 
12004] 


12004] 


1 
® уз €) 2 d- 


10. 


27 


If in a frequency distribution, the mean and 
median are 21 and 22 respectively, then its mode 


is approximately 12005] 
(а) 220 (b) 205 
(c) 255 (d) 240 
Шох... х ben observations such 


that Xa? = 400 and У, ху = 80. Then the 

possible value of n among the following is 
12005] 

@) 15 (b) 18 

(c) 9 @ D 

Suppose a population 4 has 100 observations 

101, 102 ., 200 and another population В 

has 100 obsevrations 151, 152, .. 250. If 

V, and V, represent the variances of the two 


populations, respectively then А is [2006] 


(a) 1 (b) 


© 2 @ 
9 

The average marks of boys in class is 52 and 

that of girls is 42. The average marks of boys 

and girls combined is 50. The percentage of 


E 
мм alo 


boys in the class is 12007] 
(а) 80 (b) 60 
(c) 40 (d) 20 


The mean of the numbers а, Б, 8, 5, 10 is 6and 
the variance is 6.80. Then which one of the 
following gives possible values of a and b? 


м-96 
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DIRECTIONS:This question contains two statements: 
statement-I (Assertion) and statement-2 (Reason). 
This question also has four alternative choices, only 
one of which is the correct answer. You have to select 
the correct choice. 


п. 


14. 


Statement-1 : The variance of first n even natural 


numbers is 


Statement-2 : The sum of first natural numbers 


n(n+1) ` 
is and the sum of squares of first n 


mane 


natural numbers is 12009] 


(a) Statement-1 is true, Statement-2 is true 
Statement-2 is not a correct explanation for 


(b) Statement-I is true, Statement-2 is false. 

(с) is true. 

(9) Statement-1 is true, Statement-2 is true. 
Statement-2 is a correct explanation for 
Statement-1. 

Ifthe mean deviation of the numbers 1, 1 +d, 

1+24,.... 1 + 100d from their mean is 255, then d 


is equal to: 12009] 
(а) 200 (b) 101 
(c) 202 (d) 100 


For two data sets, each of size 5, the variances are 
given to be 4and 5 and the corresponding means 
are given to be 2 and4, respectively. The variance 


of the combined data set is 12010] 
11 

@ > ©) 6 

» B à i 

© 5 @ 5 


If the mean deviation about the median of the 


numbers a, 24,.......50ais 50, then |a| equals [2011] 
(a) 3 (b) 4 
© 5 (d 2 


A scientist is weighing each of 30 fishes, Their 
mean weight worked out is 30 gm and a 
standarion deviation of 2 gm. Later, it was found 
that the measuring scale was misaligned and 
always under reported every fish weight by 2 
gm. The correct mean and standard deviation 
(in gm) of fishes are respectively: [201188] 
(а) 32,2 (b) 

(c) 282 


(d) 28,4 


16. 


17. 


18. 


19, 


20. 


21. 


Let x, ,2,......%,, ben observations, and let X be 
their arithmetic mean and o? be the variance. 
Statement-l : Variance of 2x), 2х›,..., 2v, is 407: 
Statement-2: Arithmeticmean 2x}, 2x5, .. 2v, 547. 
[2012] 

(а) Statement-1 is false, Statement-2 is true. 

(b) Statement-l is true, statement-2 is true; 
statement-2 is a correct explanation for 
Statement-1. 

(c) Statement-l is true, statement-2 is true; 
statement-2 is лога correct explanation for 
Statement-1. 

(d) Statement-1 is true, statement-2 is false. 

AII the students of a class performed poorly in 

Mathematics, The teacher decided to give grace 

marks of 10 to each of the students. Which of 

the following statistical measures will not 
change even after the grace marks were given ? 


[2013] 
(a) mean (b) median 
(c) mode (d) variance 
The variance of first 50 even natural numbers is 
12014] 
2 437 
(a) 43 4 
833 83 
(с) 4 (d) 833 


The mean of the data set comprising of 16 
observations is 16. If one of the observation 
valued 16 is deleted and three new observations 
valued 3, 4 and 5 are added to the data, then the 


mean of the resultant data, is: 12015] 
(a) 158 (b) 140 
(c) 168 (d) 160 


Ifthe standard deviation of the numbers 2, 3, a 
and 11 is 3.5, then which ofthe following is true? 


12016] 
(а) 3а2—34а+91=0 
(b) 3a?-23a+44=0 
(c) 342-260-55-0 
(d) 3a*—32a+84=0 
9 9 
If $ &i-5)=9 and $ (x-5) = 45 , then the 


i isl 
standard deviation of the 9 items x,, x. 


@ 4 
(© 3 


(b) 2 
(d) 9 
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22. Ifthe standard deviation ofthe numbers -1, 0, 23. 5 students of a class have an average height 


в 150 cm and variance 18 ст. А new student, 
Lkis 5 where k>0, then К is equal to: [2019] whose height is 156 cm, joined them. The 


variance (in ст?) of the height of these six 


10 students is: 12019] 
© 26 9 2 @ 16 () 22 
(c) 20 (d) 18 

Б 24. Ifthe variance of the first п natural numbers is 

© 4 @) Je 10 and the variance of the first m even natural 


numbers is 16, then m+ n is equal to 


12020] 


7 Ls To Tio Tir [12 [2 [14 [15] 


(a) grasps (b) | w| | (а) 
23 | 24 


cC Solutiong 25 


1. @) Total student= 100 


Total marks of 70 boys= 75 х 70 — 5250 Standard deviation o, 220 
=> Total marks of girls = 7200—5250 2n 
=1950 MT 
Number of girls = 100-70 — 30 [+ o=2] 
1950. 
Average of girls — =65 


Hence, | a|=2 

24620) We know that Mode= 3 Median - 2Mean 
3x 22-221 =66-42=24 

term. That means four observation followed 7- Ф) We know that for positive real numbers 


2, (а) n=9then median term = 


by it. If last four observations are increased aes Хүр, 
by2. The median is 5th observation which A.M. of KP powers of x, > A! the 
isremaining unchanged. power of A.M. of x, 


There will be no change in median. 


3 (6 Ух=170,Ух? -2830 
New, Xx' =170+ (30—20) 2180 i 
New, Ух? = 2830+ (900—400) = п>16. So only possible value for 
=2830+500 =3330 gm 
22.4 
Now, Variance = 8% @ a= їг (Here d;= deviations are taken 
2 from the mean). Since population 4 and 
1.3330- (mJ 2222-MA - 78. population В both have 100 consecutive 
715 15 integers, therefore both have same 
4. (c) Only first statement (4) and second standard deviation and hence the variance. 
statements (B) are correct. А 2 
5. (с) Clearly sum of observations = 0, is also same. 


. mean 4-0 
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9. a 
10. @ 
п. (© 
12. @ 


Let the number of boys be x and girls be y. 
=> 52х+42у=50(х+у) 
=> 52х-50х-50у-42у 
S ats i.t 32 
y 1 x+y 5 


Required % of boys = —- 
m 


- 4 100 =80% 
5 


Mean ofa, b, 8,5, 10186 
a+b+8+5+10 
ae 6 

5 

=> at+b=6 0) 

Variance of а, b, 8, 5, 10156.80 

=p ADP 96-67 «8-8 «6-67 QU- Gf 

= 680 

=> а2-12а+36+(1-а)? 421234 

[using eq. (1)] 
=> 242 14а+24=0= а -7a*12-0 

> а=3о 4 = Б=4 or 3 

Тһе possible values of a and b are 

a=3and b= ЭР 

or,a=4and b= 

First even piss numbers be2, 4,6, 8, ..., 2 

2(1+2+3+..+п) 


n 
= 200) _ 6 41) 
2n A 


And Var ==) 807 (р 
2n n 


ахл? 


_ An(n* Qn T) 
6n 

_ 202п+1) (+10) 
3 


521 
(ne 


2. Statement- is false. Clearly, statement - 2 
is true. 


-(ndy 


~(n+ 1) 


4п-2-3п | 
3 


Mean 101540 5243-4100) 
101 
d x 100 х 101 
=i =1+504 


101х2 


14. 0) 
15. (a) 
16. @ 


2җ +225 +..+22, 


Given that mean deviation from themean =255 
all 1=(14+50d)|+|(1+d)-(1+50d)| 
+|(1+2d) -(1+ 50d) | +....+ 


| (1+ 100d) — (1+ 50d) |] = 255 
2d[1+2+3+...+50]=101x255 


2d x хз =101х255 
00255 
50х51 
oy =4,07 = 
1 2 2 
с=т =) =4= У? = 40; 


3X -y -52 Y =105 
X4Y4-XB 
Ух+У н Eat) 


= 5(2)+5(4) =30 
Variance of combined data 


1 


4 


1 2 
2 n7 50 (even) 
25" obs. +26" obs. 


Median = + 
25а+26а 
. M= mem =25.5a 
-M| 
MD on Hsc 


25 
dx 05 


We know that if cach observation is 
increase by 2 then mean is increase by 2 
but S.D. remains same. 

Correct mean = observed mean +2 
=30+2=32 

Correct S. D. = observed S.D. - 2 

А.М. of 2x, 2x5, ... 2x, 8 


n 


ху + ху es X, 
-(3 2) 
п 


Statistics 


17. 


18. 


19. 


20. 


@ 


@ 


® 


@ 
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Sumofobservations | 
Number of observations 
So statement-2 is false. 

If each observations is multiply by 2 then 
mean multiply by 2 and variance multiply 
by 22, 

variance (2x,)=2? variance (x;)= 46? 
where i= 1,2... 

So statement-1 is true. 

Ifinitially all marks were x; then 


Low 


Mean= 


si 
Now each is increased by 10 


ХїчнөнхнөД YG, 
ср 


N y СФ 
Hence, variance will not change even after 
the grace marks were given. 

First 50 even natural numbers are 
2,4,6....., 100 


Variance 


quur 


50 
LA 2 ax. 45€) сүр 
50 
» s М 
CI 3434-2601 
= 0°=833 


Sum of 16 observations = 16 x 16 = 256 
Sum of resultant 18 observations 
7256-16 (3+4+5)=252 


та 4 
(xL 


n 


235 


44924421 й 4 
4 
29. 4(134+a7)-(a? +256+32а) 
4 16 
= 3a” -32а+84=0 


4 


9 9 
21. ( Given $'(xj-5)- 9— Px; = 54 D) 
i=l i=l 


9 
Also, 04-5)? = 45 
i=l 


9 9 
210P x; +9(25)=45 40) 


Since, variance = 


EC -40-36-4 
= у-у) -40-36- 


Standard deviation = /Variane 
› X (xy 
22. (a) ЗББ 


= 4k-8-k-80 


3 XX ap 
23. (© s Varianoe= c^ ==- F) 
> is- E - asy 


= Eaj- 904112590 2112590 
Then, variance of the height of six students 
_ 112590+(156)" -( gosse} 


} 6 6 


= 22821 – 22801 = 20 


24. 


(n On D) qe 
6 


> 
= т+п=18 
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Probability 


А and В are events such that P(A U B)=3/4, 


P(A ^ B)= 1/4, P(A )-2/3, then P(A n B)is 
12002] 


(а) 512 (b 3/8 
(с) 58 (d) 14 
Events А, B, C are mutually exclusive events 


such that P(4)— 


P(C) = —77. The set of possible values of x 

are in the interval. [2003] 
11 

@) [0,1] 0) |55 


12 Y 13 
(c) БН (4) E 


Five horses are in a race. Mr. A selects two of 
the horses at random and bets on them. The 
probability that Mr. A selected the winning horse 


is 12003] 
b 4 

ау (0 = 

32 Ш 

(© 5 @ = 


Let А and B be two events such that 


PG) e. Pi B) | and pO 


where 4 stands for complement of event А. 
Then events А and В are [2005] 
(a) equally likely and mutually exclusive 

(b) equally likely but not independent 

(c) independent but not equally likely 

(d) mutually exclusive and independent 

A die is thrown. Let 4 be the event that the 


number obtained is greater than 3. Let B be the 
event that the number obtained is less than 5. 


Then P(ALB) is 12008) 
3 
@ т (b 0 
2 
(c) 1 (d) 5 


Four numbers are chosen at random (without 
replacement) from the set (1,2, 3, ...20}. 
[2010] 
Statement -1: The probability that the chosen 
numbers when arranged in some order will form. 
n 

an APis тс. 

Statement -2 : Ifthe four chosen numbers form 
an AP, then the set of all possible values of 


+5). 


common difference is (#1, #2, #3, 


(a) Statement -1 is true, Statement -2 is true ; 
Statement -2 is not a correct explanation 
for Statement -1 


Probability 


(b) Statement -1 is true, Statment -2 is false 

(c) Statement -1 is false, Statment -2 is true. 

(d) Statement -1 is true, Statement -2 is true ; 
Statement -2 is a correct explanation for 
Statement -1. 


7. For three ever 
А or B occurs) = P(Exactly one of B or C 
occurs) 


A, B and C, P(Exactly one of 
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1 
7 P(Exactly one of C or A occurs) = 7 and 


P(All the three events occur simultaneously 


Then the probability that at least one of the 


events occurs, is : 12017] 
3 1 

@ 16 (b) 3 

NUS КА, 

© 16 urn 


Answer Key 


lalmat T иш ч: T 
(c) (b) | (c) 


cC Solutions 25 


1. (а) Weknowthat P(A о B)- P (4)* P(B) 


-P(A B) 


1 
4 
[- Р(Ау=1- PA] 


PU) РВ) 


zl $ 


SA => Р(В)= 


эр» 


Now, РСАс\В)=Р(В)=Р( AGB) 


ii) 


1 1 
5-35155 Кт 
Alsofor mutually exclusive events А, В, С, 
P(AUBUC)= P(A) + P(B)« P(C) 


1-2x 


31 1- 
= + 


cP(4oBuC)- 75 


(iv) 


(a) Let 5 horses are H}, Нь, H}, Hy and H. 
Total ways of selecting pair of horses be 


Су = I0[i.e. H H5, H Hs. Hu H4. H} Hs. 


H3H3.H; H4, H5Hs, H3 H4, НН: H4Hs] 
Any horse can win the race in 4 ways 
(e.g. for H} : H, Ho, H Hs, H, H4, Hs) 
£9 
Hence required probability- ү 


м-102 


4. 
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© 


b 


х 3 
Р(А)-1-Р(А. me 
(A) (A) n 
We know that. 
РАО B) - P(A) P(B)- PIAN В) 


Spin oct 
6 4 


= P(A) P(B) 


Hence А and В are independent but not 
equally likely. 
A (number is greater than 3)= (4, 5,6] 


1 
= 


B (number is less than 5) — {1, 2, 3,4} 


- Pn Boc 


2 ВКА В) = P(A)* Р(В)— P(A ^ B) 


Four numbers are chosen from (1, 2, 3...20} 
n(S)=2°C, 

Statement-1: 

Common difference is 1; total number of 
ways= 17 


© 


common difference is 2; total number of 
ways =14 

common difference is 3; total number of 
ways=11 

common difference is 4; total number of 
ways=8 

common difference is 5; total number of 
ways =5 

common difference is 6; total number of 
ways =2 


Prob = 173144411584:542: 1 


EJA = 85 


Statement -2 is false, because common 
difference can be 6 also. 
P (exactly one of A or B occurs) 


-P(A) € P(B) -2P(A с\В)= i «D 


P (Exactly one of B or C occurs) 


=ңву+Р(О-2Р(ВлС)= 1 40) 


P (Exactly one of C or A occurs) 


=P(C)+P(A)-2P(CA)= + 4) 


Adding (1), (2) and (3),we get 


3 
2zP(A)-2EP (A B)- < 

3 
2 EP(A)-EP(AMB)= р 


1 
Now, P(AnBnO)- те 


2 P(AUBUC) 
-XP(A)-XP(A ^ B) *P(A B C) 


1 
6 16 


9t 


n 
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Functions 


(16) 


The period of sin? Ө is 12002] 
(a) т> 0) л 

© 2л @ a2 
Which one is not periodic? 12002] 


(а) |sin3x |+sin?x 


(b) cosyx + cos?x 
(c) cos 4x + tan2x 
(d) cos2x | sinx 


The function f(x) = log Em 1) jis 


12003] 
(a) neither an even nor an odd function 
(b) an even function 
(c) an odd function 
(d) a periodic function. 
A function f from the set of natural numbers to 
integers defined by 12003] 


whennisodd 
f(n)= is 


n 5 
—>.when niseven 


(a) neither one -one nor onto 
(b) one-one but not onto 

(c) onto but not one-one 

(d) one-one and onto both. 


If f :R S, defined by 


f(x)=sinx—V3cosx+1, is onto, then the 


2) 


interval of S is [2004] 
(а) [4,3] (b) 51,1] 
(с) [0,1] (d) [0.3] 


Let R = {(1,3),(4,2),(2,4),(2,3),3,D} be a 


relation on the set А = {1,2,3,4}.. The relation 
Ris 12004] 
(a) reflexive (b) transitive 
(c) notsymmetric (d) a function 

A real valued function f (x) satisfies the 
functional equation 


Гоу) = о) О) а -х)/(а+у) 

where a is a given constant and f (0) = 1, 
f(a- x) is equal to 12005] 
(а) —f@) b) fx) 

(с) fin) (ах) (4) fc» 


Let R= {(3, 3), (6, 6), (9, 9), (12, 12), (6, 12), (3,9), 
(3, 12), (3, 6)} bea relation on the set 

A= (3. 6,9, 12}. The relation is [2005] 
(a) reflexive and transitive only 

(b) reflexive only 

(c) an equivalence relation 

(d) reflexive and symmetric only 

Let W denote the words in the English 
dictionary. Define the relation R by R= {(x, y) € 
Wx W| the words x and y have at least one letter 
in common.} Then Ris [2006] 
(a) not reflexive, symmetric and transitive 

(b) relexive, symmetric and not transitive 

(c) reflexive, symmetric and transitive 

(d) reflexive, not symmetric and transitive 


м-104 
10. 


п. 
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Let f: N>Ybea function defined as f(x)  4x--3 
where Y= [y € N: y=4x+3 forsomex € N}. 
Then, the inverse of f(x) is 12008] 


у+3 
)2 44213 
0) 80)=4+—1 


(o) 


Let R be the real line. Consider the following 
of the plane R x R: 
y):y=x+1and0<x<2} 
T={(x,y):x—y isan integer}, 

Which one of the following is true? — [2008] 
(a) Neither Snor Tis an equivalence relation on R 
(b) Both Sand Tare equivalence relation on R 
(c) Sis an equivalence relation on R but Tis not 
(d) Tisan equivalence relation on R but Sis not 
DIRECTIONS : This question contains two 
statements: 

Statement-1 (Assertion ) and Statement-2 
(Reason). 

This question also has four alternative choices, 
only one of which is the correct answer. You 
have to select the correct choice. 


subse 


Let fix) = (x41)? -1, x2-1 


Statement -1 : The set (х: Дх) = 710) = {0,—1} 

Statement-2 : / is a bijection. 12009] 

(a) Statement-1 is true, Statement-2 is true. 
Statenient-2 is nota correct explanation for 
Statement-1. 

(b) Statement-l is true, Statement-2 is false. 

(c) Statement-1 is false, Statement-2 is true. 

(d) Statement-l is true, Statement-2 is true. 
Statement-2 is not a correct explanation for 
Statement-l. 

For real x, let f(x) = x? + 5x + 1, then 


2009] 


(a) fis onto R but not one-one 
(b) fis one-one and onto R 
© 3 ither one-one nor onto R 


(d) fis one-one but not onto R 
Consider the following relations: 

R= {(x,)) |x, y are real numbers and x = wy for 
some rational number w}; 


16. 


17, 


т 
з-(" | | mn, р and q are integers such 


n'q 

that n, q Оапд qm 7 рп}. Then 12010] 

(8) Neither R nor S isan equivalence relation 

(b) Sisan equivalence relation but R is notan 
equivalence relation 

(c) Rand S both are equivalence relations 

(d) Risan equivalence relation but S is not an 
equivalence relation 

Let R be the set of real numbers. 

Statement-1: / 


12011] 
= {(x, y)eR* R : y — x is an 
integer} is an equivalence relation on R. 
Statement-2; B= ((, y)e R* Rix 
rational number œ} is an equivalence relati 
(a) Statement 1 is true, Statement 2 is true; 
Statement-2 is not a correct explanation for 
Statement-1. 
(b) Statement-1 is true, Statement-2 is false. 
(c) Statement-1 is false, Statement-2 is true. 
(d) Statement-1 is true, Statement-2 is true; 
Statement-2 is a correct explanation for 
Statement-1. 
Let fbe a function defined by 


f(x) =(x-1 (x21). 


Statement-1; 


I2011RS] 


The set (x: f(x 


Statement- 2: 


fisa bijection and /7 (х) =1+ 


(a) Statement-l is true, Statement-2 is true; 
Statement-2 is a correct explanation for 
Statement-l. 


(b) Statement-l is true, Statement-2 is true; 
Statement-2 is NOT a correct explanation 
for Statement-1. 


(c) Statement-1 is true, Statement-2 is false. 
(d) Statement-1 is false, Statement-2 is true. 


If g is the inverse of a function f and 


(х) =, then g'(x) is equal toz 2014] 
1+? 


Relations and Functions 
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1 5 
0) ——> ©) Le[e(x)] 


(с) 1+ (d) 5* 


1 
18. The function f : R > [ 4] defined as 


x 
fx)7 — is: 


5 12017| 
lex? 
(a) neither injective nor surjective 
(b) invertible 3i 


(c) injective but not surjective 
(d) surjective but not injective 


19. Ifthe function f: R — (1, -1] — A defined by 


fe) = is surjective, then A is equal to: 
12019] 

(a) R-i-l (b) [0=) 

(с) Ё-1-1,0) (d) R-(-1,0) 


(d) | (а) | © | (а) | (а) 


Answer Key 


[ШЕШЕП ЛЕ ЕТЕШ ШЕЛ 


1 
20. Forse R- (0, Hle Q)- c, 0) 1-2 and 
1 


fx) = 


function, J(x) satisfies (foJof,) (x) = f(x) then 
Јох) is equal to: 12019] 


- be three given functions. If a 


(а) fQ) 


© £0) 


If g(x) =22 +x- 1 and (gof) (x)= 4 — 10x 5, 
then (3) isequalito; 12020] 
4 
„3 s dit 
G 5 © -7 
1 3 
© 5 @ -5 


(a) 


20 | 21 


(b) (9) 


(a) | (b) | @ 
cC Solutions 25 
х 208 20 2 
1. () Weknowthat sin? =—<"= ; чыш 
Ён eal 
2л 
Since period of cos 20 = 2 =л 2 
Р : = log(x+Vx7 +1) = - f(x) 
Hence period of sin^0 is also л. => f(x) is an odd function. 
2. @) Weknow that cosi is non-periodic 4 @ Wehavef:N>I 


^. cos x + сов? x can not be periodic. 


3. (с) Given f(x) -log(x- Nx +1) 


fa log xe 2 


Let x and y are two even natural numbers, 


xc 


and /(х) = f(x) => =х=у 


2 2 

~. f(n) is one-one for even natural number. 
Tet x and y are two odd natural numbers 
and 
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5 @ 
& © 
п. (a) 
& (a) 


2-5 xy 


~. f (n) is one-one for odd natural number. 
Hence / is one-one. 


4 
Let y=— => 2y+l=n 
ei 2 р 


This shows that л is always odd number 
fryer 


and y >-2y=n 


2 
This shows that л is always even number 


fory eI. Ai) 
From (i) and ( 
Range of f= 
2 fis onto. 

Hence fis one one and onto both. 


Given that /(х) is onto 
- range of f(x) =codomain = S 


=codomain 


Now, f(x) =sinx—3 созх+1 


=2sin(x—2) +1 
3 


we know that -1 < 21) x-4| 51 


EE 


fo) eH, 3-8 
+ (1, 1) ¢ R= Ris not reflexive 

+ (2,3) © Rbut(3, 2) e R 

2. Ris not symmetric 

+: 4,2)and (2, 4) e R but (4, 4) e R 
— Ris not transitive 
Given that (0) = I and put 
х=0,у 
/@)= /?(0)- /^(a) 

— /Җ(а)=0 = f(a)-0 
fQa-x à 
= fiayfG-a)-f(0)f69) 
=/а)/х-а)—/(х)=—/(х) 

=> /(@2а-х)=-/(х) 
Ris reflexive and transitive only. 
Here(3, 3), (6, 6), (9, 9), (12, 12) eR. 

[So, reflexive] 


10. 


п. 


12. 


(3,6), (6, 12), (3, 12) є R [So, transitive]. 
+: 3,6) ER but(6,3) 2 R 
[So, non-symmetric] 
(b) Clearly (x,x) eR, Vx €W 
+: All letter are common in some word. 
So Ris reflexive. 
Let (х,у) eR, then(y,x) eR asxandy 
have at least one letter in common. So, 
is symmetric. 
But R is not transitive for example 
Letx- BOY, y - TOY andz- THREE 
then (х,у) єЁ(О, Y are common) and 
(v, 2) € R (Tis common) but (x, z) # R. (as 
noletter is common) 
(d) Clearly f(x) — 4x + 3 is one one and onto, 
soit is invertible. 
Let /0)-4х43-у 


(d) Given that 
5-1 с+1ап40<х<2} 
хх + l foranyx e(0, 2) 

)eS 

So, Sis not reflexive. 

Hence, 5 in not an equivalence relation. 

Given T —(x, y): x — y isan integer} 

vx-x-0isan integer, Vx € R 

So, Tis reflexive. 

Let (x, y) € T= x-y isan integer then 

y-xisalsoan integer = (y, x) eR 

Тіз symmetric 

If x — y is an integer and y- zis an 

integer then 

«-у)+( 

2. Tis transitive 

Hence T is an equivalence relation. 

(a) Given that /(x) -(x * 19-1, x 2-1 
Clearly D,— [-1, оо ) but co-domain is not 
given. Therefore f(x) is onto. 

Let f(x) 7f) 

= (ntl 

== ох, 

^. Го) ів one-one, hence f(x) is bijection 
(x+ 1) being something +ve, V х>—1 
f) will exist. 


z isalso an integer. 


Relations and Functions 
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Let (x +1)? 


=xtl=yytl 


(+ve square root as х +1 > 0 ) 


эх=-1+/у+1 


=f" (x)= Ух+1-1 

Then (х) =f (x) 
=х+1-1 
Мх+1 > (x+1)* 
э (х+1)[(х+19-1]=0 > 
-. The statement-1 and statement-2 both 
are true. 


13. (b) Giventhat/() x +5x+1 


Го *520,VxeR 
=>  f(x)isstrictly increasing on R 
So, f(x) is one one 
Hence, polynomial f(x) is continuous and 
increasing on R with 


lim f(x)= = 
хээв 


and lim /(х)=® 
xm 


^. Range of f = (о, о) = R 
Hence f is onto also. So, f is one one and 
onto R. 


14. 0) LetxRy. 


x 
шэхээрулэут = 
>x) ER 

R is not symmetric 
A 
q 
=> qm=pn > 


Let 5:25 
п 


pom 
n 


m " 
-. reflexive. 
п 


pom : 
—=— = —=— vs symmetric 
л q7q n 


qq s 


р тг 18. 


nos 
=> ms=rntransitive. 
S is an equivalence relation. 


15, 


16. 


=: 17. 


@) 


@) 


b 


@ 


M-107 


у х-х=0 e FC. R is reflexive) 
Let (x,y) є Rasx-yandy-x e 

(сг R is symmetric) 
Nowx-yelandy-z € I2x-z eI 
So, R is transative. 
Hence R is equivalence. 
Similarly as x = оу for a = 1. B is reflexive 
symmetric and transative. Hence B is 
equivalence. 
Both relations are equivalence but not the 
correct explanation. 
Given f isa bijective function 


090) > со) 
f(x) e (x-1 +, x21 


(x-1) «12 (x-1) 


= x=ltJy-l= f^ (y) =1+ 


= f'(x)=1+ 
Hence statement-2 is correct 


Now f(x) = £^! (x) 


> f(x)= x5 (x-1f +1= x 


2—3х+2=0=>х=1,2 
Hence statement-1 
Since f(x) and g(x) аге inverse of each other 


correct 


1 


(у= 
Ооз) TG 


= gQo)-re) 


Here x=g(y) 
«07-14 | 


> (х)-14( (9 


1 
We have f: вэ 
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sign off" (x) 


=f" (x) changes sign in different intervals. 


2 Not injective 


=> ух-х+у=0 
Ғогу#0,0= 1 -4у220 


=l 1 
=,= 1-40 
> ТЕ H (0) 
Еогу-0-эх-0 
NEN 
Rangeis|5 75 


= Surjective but not injective 


19. © 


©. fx) increases in xe [0, 1) (1, е) 
Also, /(0) - 0 and 


lim f(x) - -1 and f(x) is even function 


rote 
2 SetA- R- [-1,0) 
And the graph of function f(x) is 


Alternative 
For fto be subjective, A = Range of f. 


з-узэх!-у-ху 


2600-0 
ПҮТЭН 


= y (Ly) 20 and y e -1 


=y є(—=,-1)0[0,®=) = y eR -[-1,0) 
=> A=R-[-1,0) 


20. (а) The given relation is 


(50 Jo fi) () = AX 


=> (fra) s) 


1 
= fJ) (4) = 


за20) 


=(50) = 


21. (0) (gof) C) = 800) = ^) fo) -1 


AGG) = (5) EL = 4 


Ee (fo) = 4 - 10x +5] 
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Functions 


cot (cosa) - tan`! (cosa) = x, 


then sin x— 12002] 
(a) (2) (b) со? () 
a 
© tana (d) cot (3) 
The domain of sin [log; (x/3)] is [2002] 
(а) [1.9] (b [1.9] 
© E91 (d) [-9.-1] 
The trigonometric equation sin! x -2sin а 
has a solution for 12003] 
1 1 
<= b) = 
@ Jis 95 


1 
(с) all real values ога (d) | «5 


The domain ofthe function 


f(x) [2004] 
(а) [1,2] (b 0,3) 

€) [1.2] @ [2,3] 

Ax? —4xy соза + y? is equal to 12005] 
(8) 2sin2a (b 4 

(с) 4sin?a (d) Азга 


6. 


т. 


2 


Let f: C 1, 1) — B, bea function defined by 


a 
уо) = tan! —— then fis both one- one and 
1 


onto when В is the interval 


(a) (0.3) 


12005] 


л 
(b) E 2 


n sn | +в (5) =, then the 
5 4/72 

values of x is 120071 

(а) 4 (b 5 

©1 @ 3 


The largest interval lying in ( for which 


the function, 


f(x Е JE 
12007] 


is defined, is 
@ Е (b) [о 
4'2 2 


(c) [0.x] 
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5 2 
9. The value of соц cose utum 2) is 


3 

12010] 
6 3 
5. b) = 
(a) 17 (b) 17 
) 4 d) = 
(c) 17 (9 17 


10. Ifx,y,zarein A.P. and tan“, tan-!yand tan 12 
12013] 


are also in A.P., then 
@) x 
(c) 6 


Mathematics 
12. Ifforx (0,4) thedervaiveot tan T ) 
4 1-9? 
x.g(x). then g(x) equals : 
[2017] 
9 
(a) (b) 14955 
ES 
© тод 9-97 
13. cos (2) + cos (3)-5(..3), 
Эх. ax) 2\74 
then x is equal to: [2019] 


4145 


9 12 


Answer Key 


(a) | (b) | © | (0 | @ | ( | C (a) | (е) | b) ) 


cC 


Solutions 


25 


Given that 


cot ! (eosa ) tan?! (Joos a ) =х 
1 
PE лап! (eosa ) 7x 


P = (1- cosa) and B= 2Vcos a 
Н= үр? +В? =1+cosa 


1-csa _1-(1-2 sin? a/2) 


—sinx- 


l+cosa 142 cos^a/2-1 


ог sin.x=tan? — 


fisin ( log; ( iJ 


We know that domain оЁѕіп 1х 


хє[-1,1] 


s х shot 22 
хаа ia shed 
[5 3 


— 15x59 or x e [19] 


Inverse Trigonometric Functioi 


3. 


[2] 


b) 


© 


Given that sin 


We know that -Т «sin! <= 
2 2 

-э-ТєлялТасТ 

2 2 

Rea ES 1 
э--Та аш as ><a- 

4 447 2 
д [{<-1- 

42 


f(x) 


When -15х-351-225х54 ~(i) 


and 9-x7 >0=-3<x<3 EU 
from (i) and (ii), 
weget 2€ x «3 


2 Domain=[2, 3) 


соѕ 1 x- сов! 


cos a 


44-3) -a2 +252 


2cosa — xy 
Squaring both sides, we get 

= 4 yay 

= 4cos? a + x? y? -Яхусова. 


= 4x? e y? -Axycosa = 4sin? a- 


Given that f (x)= tan 
forx e(-1,1) 


If x e(—1,1)= tan! x (2.2) 


= tran! {= 3) 
272 


So, range of f(x 
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For f to be onto, codomain = range 


Codomainof tanetion= В= | Tm 


^ y-n/2] 


Ё cos !х=зїп Nin] 


MCI 

э sn !®=зш Í > 
5 5 

= x=3 

Given that 


foy 4" ов || 


f(x) is defined if — 1 41-) <1 and 


cosx>0 


Ї созес E 
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As 3x37? (a3) 
8 
sdex<tsocx? «1030272 23 
4 8 8 
On comparing 
1б, ^E Tos 
so, we have 13. (а) 
= P=xzorx+z=0=x=y=250 
1L. (e) Giventhat Put sin (3) “ыы EN 
2 4х 4х 
апу = ГҮ а 
=x? = cos = Vi sin? 0 = бт 
ux 


— an! xe2ín ! x -3tai!x 


12. 0) karour | 


1 
0-1 
— 
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“ Ч йеп 
a 


12003] 


(a) a -2ab. B =a +b? 
(b) a 2a? +02, В= ab 


(с) а=а? +b", В= 2ab 


(4) а=а? - P, p» a? b? 


| i | | А 
A= and/= , then which one of 
11 01 
the following holds for all л > 1, bythe principle 
of mathematical induction 12005] 

(à) A"-n4-(n-1)I 

() л"-2"-!4-(л—1)1 

(c) А"=пА+(п—1)1 

(4) 4n-2'-A*(n-V)I 

IfA and B are square matrices of size л х n such 
that A? — B?= (4 — B)(4 + B), then which of the 
following will be always true? 12006] 
(à 4-8 

(b) АВ=ВА 

(c) either of 4 or Bisa zero matrix 

(d) either of A or B is identity matrix 


( : 2 and 8-| s 9 a,b EN. 
3-4 0 b 

Then 2006] 
(а) therecannotexist any B such that AB— ВА 
(b) thereexist more than one but finite number 


of B's such that AB - BA 


Let 4 


(c) thereexistsexactly one B such that AB- BA 

(d) there exist infinitely many B's such that 
AB- BA 

Thenumber of 3 х З non-singular matrices, with 

four entries as 1 and all other entries as 0, is 


12010] 

(a) 5 (b) 6 

(c) atleast 7 (d) less than 4 

Let А and B be two symmetric matrices of order 3. 
12011] 


Statement-1: А(ВА) and (АВ)А are symmetric 

matrices. 

Statement-2: АВ is symmetric matrix if matrix 

multiplication of A with B is commutative. 

(a) Statement-l is true, Statement-2 is true; 
Statement-2 is not a correct explanation for 
Statement-l. 

(b) Statement-1 is true, Statement-2 is false. 

(c) Statement-1 is false, Statement-2 is true. 

(d) Statement-1 is true, Statement-2 is true; 
Statement-2 is a correct explanation for 
Statement-1. 

If @ + lis the complex cube root of unity and 


o 0 
matrix H = 5 , then H” is equal to 


о 
[201185] 

а) 0 (b -H 

© m (d) H 
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122 
& 1ГА=|2 1 -2|is a matrix satisfying the № 1 1 x45 
2 2 2 73 
a2 b 2 2 "IE E 
equation ААТ =9], where Lis3 x 3 identity matrix, © | 1 s| QG уз 1 
then the ordered pair (a, b) is equal to: [2015] 2 2 2 2 


(а) Q.D (Ы) (2,-1) 
© B-D 


5a -b] i 
Ае y and A adj A= A AT, then 


5а + bis equal to : [2016] 
(а) 4 (b) 13 
(с) -l (d) 5 


2 23 : 
IfA- [ d a нө adj (3A?+ 12A) is equal 


to: 12017] 


72-84 
-63 51 


созӨ —sin0 
ША = | пө coso |» then the matrix A“? 
75 + is equal to: 12019] 
Шин B 1 
@!2 OP? 2 
а 
сон 1 3 
1092 2 2 


Шилэн 


lon 
then the inverse of о d is: 12019] 


1 -13 
of 


1 -12 1 0 
or] ej 


13. Let а be a root of the equation x? +x +1=0 


ЖЕ 4 
og Lt ie. dx 
and the matrix A= В 2 : 
lo o 
then the matrix А?! is equal to: [2020] 
@ 4 ® 1L 
(c) £ (à 4 


Answer Key 


(е) | (a) | (b) | €d) | (е) | (a) | (9) | (b) 


Matrices 


@) 


b 


© 
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Solutions 


25 


10 
Given tbat 4-1) | 


1 

2 10 10 

A= ‚= 
21 31 


10 
Therefore we observed that. 4" — [ | 
п 


0| [n-1 0 7. @ 
п| | 0 n-i 


п 
Nownd - (n v 


хпА-(п-1) = А" 
Given that 4? — В? =(А-В)у(А+В) 


Total = 6+6=12 

So, required cases are more than 7, non- 
singular 3 х 3 matrices. 

Given that А and В are symmetric matrix. 
A Е 


B= 
Now (A(BA)' = -(ВАУА” 
н В')А' = (АВ)А = А(ВА) 
ОК, of matrices are associative) 
simiialy ((АВ)А)'=А'(В'А”) 

= А (ВА)=(АВ)А 
So, А(ВА) and (АВ)А are symmetric 
matrices. 
Again (AB) = B'A' = 
Now if BA = AB, then АВ is symmetric 
matrix. 


„РЫ | 


‚ 
0 

We observed that II^ =| 
0 o 


Цаг 


69, 
o oo 0 | [o 0 
лн" = = = =н 
о oj [0 oo] [0 9 


*AB- BA- В? A 
[у ®"=1] 
4 1 2 a 0 8. (b) Given that AAT = 91 
Given that 4 — E 
з 4 0 b 12 2771 2 a] [9 0 0 
ELE 21-2|2 1 21-09 0 
7 (за 4b a 2 |2 2 bj [009 
221 A) Я | 1+4+4 242-4 а+4+2Ь] [9 0 0 
O bj3 4] |3b 4b 2|242-4 4+1+4 2a42-2b|-|0 9 0 
Hence, AB = BA only when a=b 2 2 
a+4+2b 2а+2-2Ь а?+4+Ь?|] (0 0 9 


2. There can be infinitely many B's for 
which 4B = ВА 


1 


- | аге 6 non-singular matrices 


1 


because 6 blanks will be filled by 5 zeros 
and 1 one. 


Similarly, |... 1 ..| are 6 non-singular 


matrices. 


= at4+2b-0>a+2b 
2a+2-2b=0=2a-2b 

—a-b--l ii) 
Subtract (ii) from (i) 


2 


anda- 2 


(a, b) = (2, -1) 
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9. (d) Given that A(adj A) = A AT lies: esl 
Pre-multiply by A^ both side, we get © [-sin20 cos20 
= АЛА (adj A) = АТА AT , | 0530 51130 
А = ЁС |5030 cos30 
adj A= A | 
ь[2 *][*#3 э даве [ юг Ө) sin(50 > 
-3 54| |> 2 —sin(500) cos(50 0) 


P 
-—a--andb-3 
5 


= Sat+b=5 


2 
4 


E 


48 -27 
-36 39 


10. (с) Giventhat A= [ 


—3A 


лел *| ca | 
3A 2A ! p.d 

48 -27] [24 -36 > -78 =? -n-156-0 
15 9 а) KE 


[iion] [1 13 
Now, the matrix. 0 1l lo 1 


Then, the required inverse of 


adj (3A +12A) 113) poc 
0-1 0-1 
er. |5 л- 13. (d) Solution ofa +x+1=0is0,07 
ди So, — oand 
osios 
7271 ай ао 0-9 
add | лө +-соѕӨ 11 
2 
cos0 sind o oo 
C|-sinO согд o o 


СОРТ 
= A =| sine cos0]|- 


sin8|| cos@ 819 
cos8||-sin8 сов0 


~~ 
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Determinants 


(19) 


Ifa 0 and discriminant of ax*+ 2bx + c is -ve, 


a b axeb| 
then| 9 соо bx*e|is equalto 
ах+Ь bx*c 0 
12002] 
(а) +ve 
(b) (ac-b?\ax?+2bx+e) 
(с) -ve 
(d) 0 
If the system of linear equations 12003] 


x+2ayt+az=0; x*3by bz 505 
x+4cy+cz = 0 has anon - zero solution, then 
a, b, c. 


(b) arein A.P 
(d) are in H.P. 


(a) satisfy аж20-36-0 
(c) arein G.P 


If 1,0, are the cube roots of unity, then 


o" o 
A-|o" o" | | isequalto — [2003] 
mu 1 o" 
(а) 22 (b) 0 
() 1 (d) ю 
(0 0 -ù 
Let 4-| 0 -1 0 |. Theonly correct 


-10 0 


6. 


statement about the matrix А is 12004] 
0) 42-1 
(b) 4 — (C1) 4, where Zis a unit matrix 
(c) 47! does not exist 
(d) Aisazero matrix. 
Dod 422 
Lt 4=|2 1 -3|ааа108-1-5 0 alj. 
Do: od 123 

IFB is theinverse of matrix A, then ais [2004] 
@ 5 ъ -1 
(c) 2 (d) 2 
Tf aj, 5,03, ...... буун  агей GP, then the value 
of the determinant [2004] 
loga, logan loga,.; 
loga,s loga 4 108435) ig 
logan logay; logayg 
(а) 2 (b) 1 
©) 2 (d) 0 
The system of equations 

axty+z=a-1 

x*ay*z-a-l 

x*y*taz-a-l 
has infinite solutions, if a is [2005] 


(а) -2 (b) either-2or1 
(c) not-2 (d) 1 


м-118 


8. 


10. 
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If a? +b? +e? =—2 and 12005] 


ї+а?х (1+b?)x (1+с2)х 


f)» 0ta) dex (12), 


Qa) (+Ь?)х dec 


then f(x) isa polynomial of degree 
(а) 1 (b) 0 

(c) 3 (d) 2 

ІС а,аз,аз are in G.P., then 
the determinant 


logan  logay, logan 42 

мэт 1084.5 
logdns6 Вальт 10848 

is equal to [2005] 

(а) 1 (b) 0 

() 4 (d) 2 

If 4? — 4+1=0, then the inverse of A is 

12005] 

(a) А+/ (b) 4 

(с) A-I (d) 1—4 
11-01 

10-11 1+х 1 |forxe0yz0,thenD 
11 gey 

is 12007] 


(a) divisible by x but not y 
(b) divisible by y but not x 

(c) divisible by neither x nor y 
(d) divisible by both x and y 


5 5а a 
Let A=|0 a 5011 5 , then | 

o 0 5 
equals 12007] 
(a) 15 (b) 5 
© 5 (d 1 


Let A bea 2 x 2 matrix with real entries. Let /be 
the2 х 2 identity matrix. Denote bytr(4), the sum 
of diagonal entries of A. Assume that А? = /. 

12008] 
Statement-1 : 14 2 and A+, then det (4) -—1 
Statement-2 : IfA and A s, then tr (А) #0. 


14. 


16. 


17. 


(a) Statement -1 is false, Statement-2 is true 

(b) Statement -1 is true, Statement-2 is true; 
Statement -2 is a correct explanation for 
Statement-1 

(c) Statement-1 is true, Statement-2 is true; 
Statement -2 is not a correct explanation 
for Statement-1 

(d) Statement-1 is true, Statement-2 is false 

Let a, b, c be any real numbers. Suppose that 

there are real numbers x, y, z not all zero such 

thatx=cy+ bz, y az cx, and z= Вх+ ay. Then 


aè +b? c + 2abe is equal to [2008] 
(a) 2 (06) -1 
(c) 0 @ 1 


Let А beasquare matrix all of whose entries аге 
integers. Then which one ofthe following is true? 
12008] 

(a) Ifdet A=+ 1, then А”! exists but all its 
entries are not necessarily integers 

(b) Ifdet 44+ 1, then 4” exists and all its 
entries are non integers 

(c) Ifdet 4 =+ 1, then 4” exists but all its 
entries are integers 

(d) Ifdet 4 =+1, then А”! need not exists 

Let A be a2 x 2 matrix 

Statement -1 : adj (adj A) - A 

Statement-2 : adj A |= |A| 12009] 

(a) Statement-1 is true, Statement-2 is true. 
Statement-2 is not a correct explanation for 
Statement-1, 

(b) Statement-1 is true, Statement-2 is false. 

(c) Statement -1 is false, Statement-2 is true. 

(d) Statement-1 is true, Statement -2 is true. 
Statement-2 is a correct explanation for 
Statement-1. 


Let a, b, c be such that А(а + c) = Oif [2009] 
a atl а-1 

-b bel b|, 

e c-l ctl 


Determinants 


20. 


21. 
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ati 


a-l с+1 |=0, 


cya Cys С)" 


then the value of n 18: 

(а) any even integer 

(b) any odd integer 

(c) any integer 

(d) zero 

Let A bea 2 x 2 matrix with non-zero entries and 

let 4?=/, whereis 2 x 2 identity matrix. Define 

Tr(4)=sum of diagonal elements of 4 and 

ИГ determinant of matrix A. 

Statement- 1 : Тг(4)= 0. 

Statement -2 Я [2010] 

(a) Statement -1 is true, Statement -2 is true : 
Statement -2 is not a correct explanation 
for Statement -1. 

(b) Statement-1 is true, Statement -2 is false. 

(c) Statement-1 is false, Statement -2 is true. 

(d) Statement - 1 is true, Statement 2 is true: 
Statement -2 is a correct explanation for 
Statement -1. 

Consider the system of linear equations; 

x,+2x, x73 

2x, +3x,+x,=3 

3x, + 5x, +2x, 

The system has 

(a) exactly 3 solutions 

(b) a unique solution 

(c) no solution 

(d) infinite number of solutions 

The number of values of К for which the linear 

equations 4x + Ку +2: 0, kx + 4y +z=0 and 

2х + 2у + z = 0 possess a non-zero solution is 

12011] 


12010] 


@ 2 () 1 
(c) zero (d) 3 

If the trivial solution is the only solution of the 
system of equations I2011RS] 


kx+3y-kz=0 


3x+ y- 
then the set ofall values ofk is : 


23. 


24. 


(a) R-{2,-3} (b) 


€) R-{-3} 
Statement - 1: 
Determinant ofa skew-symmetric matrix of order 
3 is zero, 

Statement -2: 

For any matrix A, det (A)"= det (A) and det (- A) 
=—det (A). 

Where det (B) denotes the determinant of matrix 
B. Then: [2011RS] 
(a) Both statements are true 

(b) Both statements are false 

(c) Statement-1 is false and statement-2 is true 
(d) Statement-l is true and statement-2 is false 
Consider the following relation R on the set of 
real square matrices oforder 3. [2011RS] 


R= {(4,B) 
matrix P} 
Statement-1 : R is equivalence relation. 
Statement-2 : For any two invertible 3 x 3 
matrices Mand N, (MN) ! = ММ, 

(a) Statement-1 is true, statement-2 is true and 


statement-2 isa correct explanation for 
statement-1. 


(b) Statement- is true, statement-2 is true; 
statement-2 is nota correct explanation for 
statement-1. 

(c) Statement-l is true, stement-2 is false. 

(d) Statement-l is false, statement-2 is true. 


A=P" BP for some invertible 


(1 0 0) 
Let | 1 ш < If u, and и, are column 
3.21 
(1) (0) 
matrices such that Ar = W and Am = || ? 
0 0 
then и + w, is equal to : [2012] 
(-1) (-1 
2 uj © uj 
0 4 


1 


(1) 
(d) i 
ES 


(-1) 


o (a 
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M-120 Mathematics 
25. Let Pand Q be3 x 3 matrices P Q. If P= О? The system of linear equations 12016] 
and 220 = (РР then determinant of (7? Q?) is x+y: 
equal to: [2012] Эх-у- 
@) -2 (b) 1 x*y-XAz-0 
(c) 0 (d) -1 has a non-trivial solution for: 


26. 


27. 


28. 


29. 


30. 


The number of values of'k, for which the system 
of equations : 

(k+ 1)x +8y=4k 

kee + (k+3)y=3k-1 
has no solution, is 
(a) infinite ®©) 1 
© 2 (d) 3 


12013] 


1 
IfP-|1 3 3|istheadjointofa 3 x 3 matrix 
244 


A and |А|= 4, then a. is equal to : 
@ 4 © ul 
() 5 (d) 0 


If à, p 0, and / (п) = a" +В" and 
3 1+f(1) 1-7(2) 

1+f(1) 14/(2) 1«7(3) 

I+ F(2) 14048) 16014) 

= к(1-а)2 (1-8 (9-8) 


then K is equal to: 
(а) 1 


12013] 


[2014] 
(b) -1 


1 
с) ap e ор 


ingular matrix such that 44" 


—A'AandB —4- 4 then BB' equals: [2014] 
@ B^ 6) (B^ 
(б) I-B (d) 1 


The set ofall values of. for which the system of 

linear equations : 12015] 

M 2x, +x,=Ax, 

2x, -3x, 2x, Ax, 
x,*2x,7Àx, 

has a non-trivial solution, 

(a) contains two elements. 

(b) contains more than two elements 

(c) isan empty set. 

(d) isasingleton 


. If lax x-4 2x 


(a) exactly two values of A... 

(b) exactly three values of... 
(c) infinitely many values of. 
(d) exactly one value of. 


. Let k be an integer such that triangle with 


vertices (k, 3k), (5, К) and (=k, 2) has area 28 sq. 
units. Then the orthocentre of this triangle is at 


the point : [2017] 
o (22 ө (e) 
ө (i3) o (i3) 


. If'S is the set of distinct values of *5' for which 


the following system of linear equations 
xtyt [2017] 
x +ay+ 
ах+ by+z=0 

has no solution, then S is : 

(a) a singleton 

(b) an empty set 

(c) ап infinite set 

(d) afinite set containing two or more elements 


. Leto bea complex number such that 20+1 =z 


1 1 1 
wherez= J=3.If || -®^°—1 05-36, then 


o o 
k is equal to: 12017] 
@ 1 (5) -z 
©) z (d) ~ 
x-4 2x 2x 


= (А+Вх)(х- А), 
|2х 2х x-4| 


then the ordered pair (A, B) is equal to: 


@ (-43) (b C45) 

(c) (45 (d) (-4,-5) 
. Ifthe system of linear equations 

xtky+3z=0 

3x+ky—22=0 


2x+4y-3z=0 
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Determinants м-121 
has а non-zero solution (x, у, 7), then * is equal у+1 ua р 
v 
? а Y*P (1 [is equalto: 
10: p 1 y+al 
(a) 10 (b) -30 R А 
(с) 30 (d) -10 (а) ху 1) (b) xv 3) 
37. The system of linear equations (с) y? @ y -1 
х+у+ 39. Ifthe system of linear equations 
2х+3у+22=5 2х+2ау+а:=0 
2х+3у+(а2-1г=а+1 2x+3by+ 
(a) is inconsistent when a= 4 2x+4cy+cz=0, 


where a, b, c e R are non-zero and distinct; has a 


(b) has a unique solution for |a |= J3 Misi. us 


c) hasinfinitely many solutions for a=4 
arein A.P. (Ы) a,b; carein GP. 


d) is inconsistent when |a |= J3 


38. Let a and В be the roots of the equation Can Р. 
x?+x+1=0. Then fory#0inR, 


(d) a, b, care in A.P. 


Answer Key 

LER ee e p 

d) | (b) | (a d) | (a) | (4) | (b 4) | (а) | (d 

TRI ОЯ ГИ 202|218| 222 23 di | 828 27 | 28 
(е) | (a) | (а) | (9) (d) | (c) | (b) 

36 | 37 | 38 | 39 

(a) | (d) | (6) | (а) 


cC Solutions 55 


2. (d) For homogeneous system of equations to 


w^ ob. weht have non zero solution, A= 0 
1. (e) Giventhat| b bxc ida 
tp. on D 1 3b b|-0 
Applying R, > R, — (xR, +R); mcd 
a b ath Applying С, > C, - 2C, 
=|b c bec 10a 
2 э|! b b|=0 А-А, ә R -R 
0 0 -(ах +2bx+c) Se adis 
12е 
= (ах? + 2bx + c (b^ — ac) = (0)() = уе. їй бош 


[Given that discriminant of ax? + 2bx + с 
i iud =|0 b b-a|-0 


^. 4b! 4ас<0 > b! - ac <0] 0 2c c-a 


м-122 


3. 


4. 
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= bc- ab -2bc 2ас 


b A= 


Expand through R, 


2 2n 2) 
= 1(0*" =1)-0" (o? -0?") +0" (o” вй") 


=0*" 1-00" о 


-1-141- 


o 0 


(а) Giventhat4-| 0 -1 
-1 0 

clearly Аж 0. Also|4|= -1+0 
1 АТ! exists, further 


22 


© of оз" = 1] 


0 


-1 0 0 
CDi2|0 -1 0|#4 
0 0 -l 
00-10 
Also 4 =|0 -1 010 
-1 0 oja 
1710.6 
Slo 1 0-1 
0 0 
422 
(а) Giventhat 108-|-5 0 а 
12323 
(3222 
-эВ--|- 0 a 
10 
1-23 


1 
2 
1 


42 
-5 0 
12 


7. 


Mathematics 


(d) Let rbethe common ratio ofan G.P., then 
loga, ga, _logay.2 
шатаа 
шаал 


logar”! logar” ова"! 


=|logar"? овар" Повар" 


loga”? logar"'5 logar”? 


loga -(m-Dlogr loga + nlogr log a, + (0: 1) ойл 
loga +(n+2)logr loga +(n+3)logr loga +(n+4)logr 
[ова +(n+5)logr loga +(n+6)logr loga; +(n+7)log| 
Applying С, C, 

пи 1 17017727 
овај +(n+2)logr loga +(n+3)logr 2| юваү +(n+3)logr]| 
[ова +(n+S)logr toga, +(n+6)logr 2floga, +(n+6)logr} 

=0 
(а) axty+z=a-1; 

xtaytz=a-l; 

xtytza=a-1 


Су. we get 


«a 11 
1841 
11 « 


= a(@? -1)- Ка -1)+1(1-a) 

= а(а 10а +1) Ка —1)-Ц(@-1) 
= (a - Da? «a -1-1] 

= (a - D[a? ка-2) 

= (a-1) [92 *2a- a - 2] 

= (а (а +2) - o 2)] 

= («-1 (0+2) 


Equations has infinite solutions 
А=0 
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Determinants 


=> (а-1)=0,а+2=0 
> a=-21; 
But «#1. 
>@=-—2 
8. (d Applying, Cj > Cj +C, +С, we get 


160742 +07 e2) (4b? )x (1+e?)x 


Ло) = |1902 +b? е2 +2ух 1+?х (eye 


1-(а2 +h? +c? +2)x (1+Ь?ух 162 


[abc 


1 (ex (ї+с?)х 
sli 
1 05x 


Dex (ec 


1+с°х 


Applying, Ry > R5; - R.. Ку — Rs - Ry 


1 xx ex 
a /0)-10 1-х 0 


0 0 Теё 


fe) (х-1° 
Hence degree = 2. 
Let r be the common ratio ofan GP., then 


loga, 
Пов а.з 
log an6 


logan, 
log dy. 
logay.g 


log аа 
logan 4 
log a.7 


logar" logar” овар" 


logar”? „n+4 


6 


=|liogar"t? 
5 


овар 


Qe 


logar” logay"'* logar 


loga +(n-I)logr loga +nlogr 

= ова +(n+2)logr loga +(n+4)logr 

loga +005) ов logay +(n+7)logr 
Applying C, > С, + С, we get 


lloga +(n—I)logr 2floga; +л1овг] | 


loga +(n+3)logr 


logo, Шш) 


loga + (n+ 6)logr 


Іова + тов 
= ора +(n+2)logr loga +(n+3)logr 2[logay +(n+3)logr]] 
[ова +(n+S)logr loga *(n*6)logr 2[loga +(n+6)logr| 
=0 

Given that 4 1-0 

Pre-multiply by A"! both side, we get 


10. @ 


п. @ 
12. (а) 
13. @ 
4. @ 


1.1 1 
Given that, D=|1 1+х 1 
1 l ity 


Applying R, > R,-R,andR, — R,-R, 
iii 

20-10 х 
ооу 

Hence, D is divisible by both x and у 


0| =x» 


5 


5 5a a]|[5 Sa а 
0 a Sa|0 a Sa 
оо $]0 0 5 


25 25а+5а?^ 5a+25a? +5а 


з x uu 
Giventhat4-|0 а Sa | and| 
0 0 


=|0 a? 5a? +25а 
0 0 25 
25 (25a?) 


1 
725-25 (2542) > lal=5 


a b 
Let A= 
MM 


Given that А? 


а +be ab+bd | i 
acted be+d?| (0 1 
and ab + bd=0 
and bc 4-1 
From these four equations, 
beber = 
and  b(a*d)-0-c(a*d)—a--d 
lA|7 ad — bc 7 а — bc =—1 
Also if A #/ then (4) - a d-0 
©. Statement 2 is false. 
The given equations are 
х+су+Ь:=0 
ex 
bx +ay 
Given that.x, y, z are not all zero 
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M-124 Mathematics 
. The above system have non-zero m 
solution (c1 74. a-1 atl 
lj c» (-1)'? C5 9-1-941-0 
>4=0>|c -l al=0 CU e cd el 
ээ 
E хов aye Nossa Applying C; «> C; in second determinant 
peat b ee 2abe-0 a a*l a-l 
а ++ 2+ 2ађс=1 = |b b+1 5-1 
15. (c) Given that all entries of square matrix А e e-l c+ 
are integers, therefore all cofactors 
should also be integers. а atl a-l 
Ifdet A — | then 4! exists. Also all +С? |р pep b-1|-0 
entries of 4”! are integers. ub c 
16. (а) WeknowthatifA is square matrix of order 
n then a a*l a-l 
adj adi 4) - | A] A. 2 [6021-6 541 5-1|=0 
зараа с c-l сн 
Also |а А |= |А |! -|4|*! -|4| Р 
2 Both the statements are true but Applying C, > C, - C, C, > C, - C, 
statement-2 is not a correct explanation for mod 4a 
statement-l . x 
э [rco ] -b 2841 2b-1|-0 
a a*l a-l 
b bel b- B iso 
" -b b+ ЕЕЗ 
17. (b) Given that Applying R, > R, +R. 
е 1 c+ S NE 
ажс 0 0 
ач! bel c-l > [een] -b 2b+1 2b-1|-0 
а-1 b-l 641140 c 3a 13 
(0724. (15 (-1)"e => [+61 ato) 26+ 14+26-1)=0 
Ua 29 = 4(а+с) +01) ]=0 
p Dl | + => 1+(-1)"*?=0butgiven that b(a +c) = 0 
> n 
A Tu = n should be an odd integer. 
b 
Шы ai (4874 18. ©) Let E ML 
c 


bl b-1 (-1)"!5|-0 


c-l e+ 


C'e 
(Taking transpose of second determinant) 
Applying Сү <> C; in second determinant 
а atl а-1 
b bil bl 


e e-l 641 


b 

a 5, 

а||с 4 
тиг 5 | 

> А = ME 

ас+са be+d?| LO 1 
> a! cbe - bee =1 
ab bd — act cd = 0 


Determinants 


19. 


20. 


21. 


22. 


© 


(а) 


@ 
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cs Папір + 0 = a+d=0 


[АЕ ad —be =-a’ 
AlsoifA #1, then tr(A)=a+d=0. 
2. Statement-] true and statement-2 false. 


— Given system, does not have any 
solution. 


= Мо solution 
Given that system of equations have non- 
zero solution A =0 


4k2 
=> |k 41 -0 
2.21 


э 4(4-2)-k(k-2)« 2Qk -8) 20 
= 8-5 e 2k +4k -16 =0 

K? -6k+8=0 

э (k-4Xk-2)=0 > k=4,2 


x-ky+z=0 
ke+3y-kz= 
3х+у-т=0 


The given that system of equations have 
trivial solution, 


1-k 1 

k 3-k|»0 

31-1 
1(-3+k)+k(-k+3k)+1(k-9) #0 
k-3+2k? +k-9#0 
WP +k-620 
k=-3,k#2 
, the equation will have only trivial 


Suuud 


solution, 

when k € R- (2,-3] 

We know that determinant of skew 
symmetric matrix oodd order is zero. 

So, statement-1 is true. 


23. 0 


24. 


@ 


м-125 


We know that det (47) = det (A). 
det (~A)=~(— 1)" det (A). 
where A is a px n order matrix. 
So, statement-2 is false. 
For reflexive 
A= P^ AP is true, 
For P =], which isan invertible matrix. 
(A,A) ER 

Ris reflexive: 
For symmetry. 
As (А,В) €R for matrix Р 


A=P'BP 
З G. = 
> В-РАР" 


э B=(P') Ac) 


(B. A) ER for matrix р-! 
Ris symmetric. 

For transitivity 
A=P'BP 

and B=P'CP 


= 4-Р РЭСР)Р 


(А, С) €R for matrix Р? 
Ris transitive. 
So Ris equivalence. 
So, statement-1 is true. 
We know that {ГА and B are two invertible 
matrices of order n, then 


(АВ)! = В”! А”! 
So, statement-2 is true. 
1 0 
Let Аш =| 0 |and Au =| 1 
0 0 
1) (0 
Then, Au; + Au =| O |+| 1 
0) (0 
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M-126 Mathematics 
1 = P+4k+3=8k>-4k+3=0 
=> k=1,3 
> A(m+u)=|1 (1) мВт 
0 If k= 1 then —— = —— whichis false 
1433 2 
ЦЭ ditk=3 then 54-22 which i 
Given that A=|2 1 0 anditk=3 thea gtg T S 
321 therefore k=3 


Hence for only one value of k. System has 
no solution. 


= д=ц1)-0(2)+0(4—3)=1 


uo 27. 0) [P|-102-12)-a(4—6) 34-6) =2u-6 
C470 NowadjA-P = [аА |= |Р! 
бүл! = [АЁ | 
= |P|=16 
=> 2a-6=16 
=> а= 
28. (а) Consider 
кн з gef HO 
EE 1efü) 1670) 1+/@) 
A = = аА 
д“ HIO HO 14/04) 


= А =adj(A) (у |А|=1) 
Now, from equation (1), we have 


1+1+1 l+a+B 1+2 +p? 
=| I+a+B 1+a7+p? тна? +p? 


1 ага 
щ+ш 2Ad|1 
0 y женуи 3 
=|1 a Bl! a B 
1 0 M [1 E 30222 
-|2 1 0| |=|- Ж. d 
MEN UM ге ААО 
25. (c) Giventhat P - 0? NUI pow gp 
and РО - Р 40) -|1 a p 
Subtracting (1) and (2), we get 1 a pg 
БОРОО Р -[a 6) -B) (BP 
=> РЧР-О)-ОЧР-0)-0 7 
= (P+O) (P-0)=0 Sa Kal 
у P#Q,-.P+@=0 29. (d BB'= B(A A?! = B(A) (473) 
Hence |? Q?|- 0 -BA(4y 
26. 0) Since, system of equations have no TE 
k+l -алААЧАЛ) fas АА'='А} 
^UE =I =KA”AY=II= 


ч System has no solution) 


Determinants 


30. 


31. 


fa) 


b 


> 
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2x4 -2x2 +ху =x, eect 
-2 
2x1 -3x2 + 2x3 = Ag (£ 2 )- | 
—хү+2х» =), а+2 Л3 
Ци = Mg > 3a+8B=1 40) 
=> (2-2)x,-2x, Solving (1) and (2), we get 
2x - 8) x, 2x, 1 
-хү+2х,-Ах,=0 «-2p-7 
For non-trivial solution, Е 
А=0 4121 
orthocentre is "2 
2-a -2 1 
ie| 2 -049) 2|=0 111 
- 020 OW эз. @ D-|! " !|-o 
э (2-A) [AGB +2)—4] + 2[-2.+2] abl 
+1[4-G+A)]=0 = Ца -5]-1[1-a] * 152] -0 
-902422-5):53-0 —(a-1y-0 
>1=1,1,3 E ug 
Hence 7. has 2 values. For а= 1, First two equations are identical 
For non-trivial solution, ie xtytz-l 
To have no solution with x + by + 
DÀ 2 
A -1 -[=0 So b= {1} = Itis singleton set. 
К 34. b) Given2o*1-z; 
100 Àj 
--00-400-1)-0 iz ffi ә o= УЛС 
= =0,+1,-1 = o is complex cube root of unity 
Let A (k, 3k), В(5, k) and C(-k + 2), Applying R, +R, +R, + R, 
we have эн БЭЭ 
з 0 0 
JE 1 | 2—1 a? 
4| 85 к 1-28 = "9 
козы 1 a о 
"——ÀÀ el e у= 1406) --38 
ог52+13к+66=0 пін 
Now, 52+ 13К—46=0 х-4 2х 2х 
"М. ът 0859 . 35. () Не|2х х-4 2х|=(А+Вх)(х-Аў 
АША, WU 2х 2х x-4 
since k isan integer, г. k-2 
Also 5К°+ 13k-- 66=0 HM 0 o 
= p- BEVASI Рих-0-2|0 4 0| АМц сар 
10 0 0 ч 
Sono real solution exist 2 
AQ, -6), B(S, 2) and СС-2, 2) кон 
For orthocentre H (о, B) x-4 2x 2x 
BHLAC —|2x x-4 2х |=(Bx-4)(x+ 4)? 
2x 2х х-4 


E9- 


«-2p-1 E 


M-128 


36. 


37. 
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(а) 


@ 


Now take x common from both the sides 


4 


[=з 2x 2х 
x 
ax 1-® ох |-в- 3+4 
х хх 
4 


2х 2х 1-4 
х 


1 
Now take x — oo , then zs 


1 
ES! 
р 


VEN 


2. ordered pair (A, B)is (4, 5) 
For non-zero solution of the system of 
linear equations; 


1k 3 

з k 2-20 

р а -3| 

эк-11 
Now equations become 
х+ Пу+32=0 40) 
3x+ Пу 0 (2) 


2x +4y—3 

Adding equations (1) & (3) we get 

3x+15y=0 

=> х=-5у 

Now put x =—Sy in equation (1), we get 
Ѕу+ Пу+32—0 


QB) 


= 2=-2y 
хав CSNY) ag 

y y 
Since the system of linear equations are 
xtytz=2 E 
2х+3у+2:=5 40) 
2х+3у+(а2-1)г=а+1 3) 


Ifa? = 3, then plane represented by eqn (2) 
and eqn (3) are 2x + 3y + 2z = 5 and 
2x+3y+2z = & 3 +1 which are parallel, 
i.e., have no solution. 

Hence, the given system of equations is 
inconsistent, for |а| = V3 


Mathematics 


38. (c) Leta =o and B = е? areroots ofx^ x - 1-0 


p o o 


&leA-|o ужо 1| 
2 
o 1 yro 
Applying C, — С, +С, + C3, we get 


у+і+о+о2 о о? 


A=|y+1+0+0° yo? 1 


ї+®+е?+у 1 ужо 
у eo o 
A=|y y+o? 1 | 
у 1 у+о 
2 
1 o o 


А=у! yto? 1 


ї 1 ужој 


Applying Ry — Ry —R, & > А-А. 
we get 


2 2 
+0°-0 1-0 


l-o — yto-o? 


[G - (06?) + (®— 9?) - (1 - (1 -o 
—A-yp^-Q- ey - 1o 0- o7 
—A-y[?- oh -o*26)- 1+ o? of] 
(2 of 0) 

= А=у(ђ)=у 

39. (a) For non-zero solution 

П 2a al 

3b Кеп» | 22 5-0 

Ae | 4c с 

Gbc-Abc) - Qac -дас)+ Qab-3ab)- 0 

~ be + 2ac- ab 0 

ab bc 2ac 


2a 


у у Qus 


y 
TH 
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Continuity and 


Differentiability 


21) 


У is defined in [-5, 5]а$ 12002] 


fi 


x ifx is rational 

if'x is irrational. Then 

(a) (x) is continuous at every x, except x = 0 
(b) f(x) is discontinuous at еуегух, except x =0 
(c) f(x) is continuous everywhere 

(d) f(x) is discontinuous everywhere 


If fx y) = /(х)./(у)Ух.у and /(5)= 2, 


f(0)=3, then f’ (5)is 12002] 
(a) 0 (5) 1 
() 6 @ 2 


Ра 
ку=(х+ Jie xd Y. аван Ped i 


(а) my (b) —ту [2002] 
(c) + (d 2х2) 


Let f(a)=g(a)=k and their nth derivatives 


f" (a). g" (a) exist and are not equal for some 
n. Further if 


lim =й 
хэв gG)- f(x) 
then the value of kis 12003] 
(a) 0 (b) 4 
(c) 2 (d) 1 
DN 

E fe) 1ле T euo deni) is 

0 .х-0 


12003] 


32 


(a) discontinuous every where 

(b). continuous as well as differentiable for all х 

(c) continuous for all x but not differentiable 
ах-0 

(d) neither differentiable nor continuous atx=0 


If fo , then the value of [2003] 
ro, fo oma arr") 

дэ 2003 m 5 

(а) 1 (b 2" 

() 2"-1 (d) 0 


Let f(x) be a polynomial function of second 
degree. Iff (1) -/(-1) and a,b,c arein A. P, 
then f(a), f'(b), (с) arein 12003] 


(а) Arithmetic -Geometric Progression 
(b) A.P 


(©) GP 
(d) HP. 
Let f(x) = iade] 
Itf) is continuous in С HL ПНГ 
12004] 

а) a ©) i 

1 
©) -2 (d) 1 


10. 


12. 


13. 


14. 


15. 
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Mathematics 


m dr. 
Ifx=e sx >0, then is [2004] 
а 


1 
Өс 
х 


х 


© ын 
lex 
Suppose f (x) is differentiable at x = 1 and 


1 
lim = / (1-4) = 5, then / (1) equals [2005] 
hooh 


(a) 3 b) 4 
(c) 5 (d) 6 

Let fbe differentiable for all x. If/(1) = —2 and 
7 (х) 2 2 forx є [1, 6], then [2005] 
(а) /06) 28 (b) /(6)«8 

(с) f(9«5 (d) /(6)-5 


If f is a real valued differentiable function 


satisfying (Го) -/()| S (х— 3) x,y € Rand 


0) - 0, then /(1) equals [2005] 
@ -1 ъ 0 
(c) 2 (d) 1 
The set of points where fe) is 
differentiable is 120061 
(a) (799,0) 2 (0,2) 
(Ы) (eI Cle) 
(c) (79.9) 
(d) (0,95) 

№. te igo dis, 
Цул 


3 


@ = © 
x 


© ху (d) 
y 
Let f :R К bea function defined by 


f(x) = min. {x+1,|x|+1}. Then which of the 


following is true? 
(a) (x) is differentiable everywhere 
(b) f(x) isnot differentiable atx=0 


12007] 


16. 


17, 


18. 


19. 


20. 


(с) f(x) > L forall xeR 
(d) f(x) isnot differentiable at x= 1 


The function f : R— {0} — R given by [2007] 


x ett 
can be made continuous at x = 0 by defining /(0) 
аз 

(a) 0 (b) 1 

(©) 2 (d -1 


(x Dsin ifr #1 
х-1 


Let f(x) = 12008] 


0 ifx=1 


Then which one of the following is true? 

(a) _fisneither differentiable atx — 0 nor atx=1 
(b) / is differentiable at andatx-l 
(c) f is differentiable at x = 0 but not ata 
(d) fis differentiable at 
Let y be an implicit function of x defined by 


x2*~ 2x" cot y— 1= 0. Then у(1) equals 
12009] 

@) 1 (b) log2 

(c) -log2 (d) -1 


Let f: (-1, 1) > R be a differentiable function 

with /(0)—— 1 and/"(0)= 1. Let g= [/Qfto) + 2)P. 

Then g’(0)= 12010] 

(а) 4 (b) 0 

© 2 @) 4 

The values of p and q for which the function 
12011] 


їп +1 sin x 
S(pilresmr 6 
x 


.x=0 is continuous for 


x0 


(a) 
(b) 
(c) 


(9) 


Continuity and Differentiabili! 


21. 


22. 


23. 
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equals : [2011] 


@) 


(5) 


Define f(x) as the product of two real function 


120118] 
iin e 
sin, if x40 
ух cRand (х) x 
0, ifx=0 
as follows : 
AG). (9). if x0 
fox! ie) G) | 
| ifx=0 


Statement - 1 : f(x) is continuous on R. 


Statement - 2 : f, (x) and f; (x) are continuous 

onR. 

(a) Statement -1 is true, Statement-2 is true: 
Statement-2 is a correct explanation for 
Statement-l. 

(b) Statement-1 is true, Statement-2 is true: 
Statement-2 is NOT a correct explanation. 
for Statement-1 

(c) Statement-1 is true, Statement-2 is false 

(9) Statement-1 is false, Statement-2 is true 

If function f(x) is differentiable at x =a, 


I2011RS] 


24. 


25. 


26. 


27. 


@ afla) 
6) a f(a)-a° f (a) 


© 2af(a)-a° f (a) 


(d) 2af(ayd fa) 
Iff: R > R is a function defined by f (х) 


=[x] cos ( ас 


}, where [x] denotes the 


greatest integer function, then fis. 

(a) continuous for every real x. 

(b) discontinuous only at x = 0 

(c) discontinuous only at non-zero integral 
values of x. 

(d) continuous only at x — 0. 

Consider the function, f(x) = |x 2| +|x-5 |, 

xeR. 

Statement-1 : / (4) - 0 

Statement-2 : f is continuous in [2.5]. 

differentiable in (2,5) and/(2) =/(5). — [2012] 

(а) Statement-1 is false, Statement-2 is true. 

(b) Statement-l is true, statement-2 is true; 
statement-2 is a correct explanation for 
Statement-l. 


12012] 


(c) Statement-l is true, statement-2 is true; 
statement-2 is nota correct explanation for 
Statement-1. 


(d) Statement-1 is true, statement-2 is false, 


dy 
Ify = sec(tan-!x), then T atx= 1 is equal to: 
m 


1 
@ у €) ; [шз 
(© 1 Фу 
Iffand g are differentiable functions in (0, 1] 
satisfying (0) - 2 = (1), &(0) - 0 and (1) 6. 
then for some c €]0,1[ 12014] 
(а) f'()- g'() (b) //су-2810) 
(€) YO-xvoO D 2/()-3g'(€) 


м-132 


28. 


29. 


30. 


31. 


32. 
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Mathematics 


Ifthe function, 


кух+1‚0<х<3 
g(x) = 


is differentiable, 


mx+2, 3<x<5 
then the value ofk + mis: [2015] 
10 
@ > Ы 4 
2 aj 16 
© 2 @ 5 
Forx e R, fix)- 1022 —sinx| and g(x) = Кх), 
then: 12016] 


(а) g(0)=-cos(log2) 

(b) gisdifferentiableatx =0 and g'(0) 
sin(log2) 

(c) gis not differentiable at x= 0 

(d) g(0)— cos(log2) 


Let S= (t€ R f(x) =|x—2|(e!=1)sin|x| is 
not differentiable at t}. Then the set S is equal to : 


@) {а} (b) ibi [2018] 
© {0л} (d) ф (ап empty set) 
Let f: R2 R be a function defined as 
12019] 
5, if xsl 
a+bx, if l<x<3 
b+5x, if 3<x<5 


fe) 

| зо, Cip x25 
Then, f is: 
(a) continuous if @=5 andb=5 
(b) continuous ifa 7 — 5 and b= 10 
(c) continous ifa = 0 andb=5 


(d) not continuous for any values of a and b 


тот 
If the function f defined on (53) by [2019] 


V2cosx-1 л 
MV 23 

fixy= | cox-l 4 
ES xd 

4 


is continuous, then k is equal to: 


33. 


34. 


36. 


37. 


1 
@2 ® (o! 
1е{х)=15—|х—10; x € R. Then the set ofall 
values of x, at which the function, р(х) = f(x) is 


not differentiable, is: 12019] 
(а) (5.10,15] (b) {10,15} 
(c) (5.10,15,20] (d) {10} 
tan а + cota. 
If Ya) = [2020] 
“(Өв 
4:77): then [at a= is: 
(а) 4 o) 4 
a) (b) 3 
m 
@ 4 оу 
1 
. Let + у* d^, (a, k> 0) and #,(2) =0, 
а Ax 
then kis: 12020] 
3 4 
@ > (b) 3 
2 Е 
©з @ 3 
Let the function, 7: [-7, 0] — R be continuous оп 
1-7, 0] and differentiable on (-7, 0). 10/7) - -3 
and f (x) 2, for all xe (-7, 0), then for all such 
functions f, f ' (-1) + (0) lies in the interval: 
12020] 
(а) (—==,20] (b) [3,11] 
(c) C11] (d) [-6,20] 
Let S be the set of points where the function, 


fix) = 2 — Ix 3, xe R, is not differentiable. 


Then X ffx) is equal to 12020] 
хєх 
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Answer Key 


2, 


3. 


Solutions 


(b) Letaisarational number other than 0, in 
[-5, 5], then /(a) ^ aand lim f(x) = -a 


^x d and x  a* is tends to irrational 
number 

^. f (x) is discontinuous at any rational 
number 

Ifa is irrational number, then 


f(a)=—aand lim f(x)=a 
xoa 


г. f (x) is not continuous at any irrational 


number. For x — 0, Шш, Го) = 70) = 


(©) Given that /(х+ у)=/(х)х £0) 
Differentiate with respect to x, treating y as 


constant 
/' «+у)= F'O) 
Puttingx=0and, et G)-/ 0/09: 
=> f'(5)=3/(5)=3 х2=6. 

(à) Given that y=(x+V1+x7)" — (i) 


Differentiating both sides уул, tox 


LN yt (ida ax] 
d C2 
п (Tex +x) 


СЭРГЭН xl) 
i lex 


dx 


nex? +)" 


мэ? 


b) 


“2 both sides, we Ж 


(+x? yy? = пу? 
Differentiating it w 


f(a)g'(x)- gla) f(x) 2 
xoa g'(x)- /'(х) 
(By Applying L’ Hospital rule) 


Given that /(0) = 0; /(х) = xe 
h h 

= lim =0 

эбе? 


ЕНІ. = lim (0- 4)e ? 
hoo 


1) 
xri 
LHL. = lim(074)e ^ # 20 
h0 
therefore, f(x) is continuous at x = 0. 
ii) 


мэн 
Now RHD- lim (0+ 0 
D] h 
(1 1) 
pa ХЕ 
LHD.- tim (0/0 
лд = 


therefore, L.H.D. # R.H.D. 
f (x) is not differentiable at x — 0. 
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м-134 Mathematics 
& @ Given that f(x)— x" > f()-1 9. (с) Given that хе 7 xc ers 
(о) m7 => /{(ї)= п Taking log both sides. 
"(x)= п(п-1)х””? 2 /'(1) = n(n-1) logx = у + x differentiating both side 
f" (x) e nto /"()-т 
fv, L'O f", DO 
Же gap агт 
ШИНЭ 210 чү "v" 3 
тИ Ux» ы аф, O у) ds О ай 
на -"6 алс арт, аи -0 по һ 
: Given that function is differentiable so it is 
1. © fG)-a +hxte continuous also 
=f(- z (1+) 
/@=/с1) э RE QD. 5 and hence f{1)=0 
=>a+b+c=a-b+corb=0 oe 
Ро) а +e ог /(х)-2ах Hence, /10) = lim um 25 
Soh 
Now f'(a); f(b) and fc) Ш. (9) Giventhat /(1)=-2& 
аге 2a(a);2a(b);2a(c) ГО) 22vxe[l.6] 
ie 2a, 2ab, 2ac. Therefore fix) is differentiable on (1,6) 
= If a,b,c arein A.P then / (a); f (5) and continuous on [1.6]. 
and / (c) arealso in A.P. Applying Lagrange's mean value 
& © Given that f= eg theorem 
(c) iven that / (x) is continuous ” 
- 19-10) цэ 
л 5 
їп [a z] 
2 > /(6)> 10+/(1) 
^ (2) = lim f()- lim f(x) > 6210-2 f(628 
^ 4 2-4 12. (b) Given that|/(x)—fO< (Y xe 
a A р and /(0)-0 
lim. f(x)- lim (£n -füx 
i. C hao” 4 Го) = lim озю) 
rS ho h 
rey |= p аА) 7С 
угаан = +A) Го?! jn] шинжин 
= lim —— CL,» 0 2 
т , ‚| 
MEE ira 
idum. > 1/(0|50 = /00-0 
eT = f(x)7 constant 
- lim = ‘Asf(0)=0 
h0 4h = уй)=0. 
-2 tanh 
= lim 
h-0l—tanh 4h х<0 
13. () /б%)= 


Continuity and Differentiabili! 


14. 


(а) 


s not define at x = 1 but here 


x<Oand /(x) = у; isnot defineatx=—1 


but here x > 0. So, f(x) is continuous for 
хек 


х<0 
and 
x20 
f(x) exist at everywhere. 
xy" 2 (ee yy 


taking log both sides 
= minx +niny=(m+nyin(e+y) 
Differentiating both sides, we get 


m пау m*n(, ау 
m nay 1+. 
x yds x+y) de 
Ё вээ) заа п) 
^x x4 х+у 
my = nx ( my -nx | dy 
= cd 
х(х+у) Х\у(х+у)/ de 
> 


dex 


15. @ ЛО) = min {x+1,)x|+1} 


16. (b Given, fla) 


= /0)-х41ҮхєЁ 
ҮЕ 


1,0) 


Since flx 
Hence, f(x) is differentiable everywhere for 
allx e R. 


ех -1 


esi jail 
=> f(0)= lim — 


x0 X 
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18. 


(х) = 


(d x-2 coty 


M-135 


0 
— form 


хэд х(625-1) d | 
2. Applying, L'Hospital rule 
Differentiate two times, we get 


2x 
KO = lim — 
хэд 2(xe^* 2+ е2 1) e?*.2 


4e? 
= lim ——É——À—— —À |> fom 
ae 1 
x90 4xe** +26254 202. LO 
А 4е?^ 4.0 
= — ee El 
хэд (ход +e7") 4(0-00) 


(c) Given that 


222821 ifx #1 


° хет 
Atx=1 
КН. = lim 70510120) 
си 
вэш1-0 T 
- lim = lim sin 
hoo h h0 


=a finite number 
Let this finite number be / 


— (+) 
=- lim sin| > 
hoo \h 
= (а finite number) =—/ 


Thus R.H.D 2 LH.D. 
~. fis not differentiable at x = 1 
Atx=0 


£(@)=sin— eL) 
(к=) k- Lx], 


-sin 1 + cos 1 
~, fis differentiable at x =0 


WWW.JEEBOOKS.IN 


1 
= 2с0у=и- т 


Differentiating both sides with respect to. 
X, we get 


2 
— 2cosec" 


Br 
ELM cd 


Now u = х" Taking log both sides 
= logu-xlogx 


108 с шу 
u dk 5 


du x 
=> —-x(-logx 
pA x (1+ log x) 
2 We get 


2, dy 
-2 cosec? y S 


ЕЯ 


= 1+ 725) (I+ log x) 
2 *x7)ülogx) 
mL —— 2@ 
dx —2(1+ cot? y) Р 
Put m= 1 in eqn. х?*—2х* cot y - 150, 
gives 
1-2cot 0 
= cot) 


2. Putting. 1 andcot y 0in eqn. (i), we get 


(144) 040) _ 
22160) 0 
Given that g(x) = [7 2/09) 27? 


х) 27070 ssa (Zoe) 


y'a 


=2/@/о)+2)/ CFD f'G) 
=> 8(0)-2/(Q.f(0)*2.fQ/()*2) 


уо) =4FO 0)? -4-1)12--4 
LHL = lim f(x) 


(atx-0) хәб 

= ш SMP ЛЕ 
21) =h 

=р+1+1=р+2 


KH.L- lim f(x) 
(atx=0) хэй" 


Mathematics 


8 af x 
dy) de dy) dy 


(z 


А . хзїп(1/ х),х #0 
Given that f (x) = 
0 ,х-0 
Atx=0 
LHL- lim нө) 
LE h 


=0 x a finite quantity between — 1 
andl-0 


1 
RHL- lim Asin 7-0 
hoor h 
Also, /(0)-0 
Thus LHL=RHL= /(0) 
f(x) is continuous on R. 
but / (х) is not continuous at x = 0 
lim f (2) - ^ f(x) 


x-a 
Applying L-Hospital rule 
= lim 2x/(a)- a^ f'(x) 


Continuity and Differentiabili! 
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24. 0) Le Fee deos [873] 


25. 


© 


We know that [x] is discontinuous at all 
integral points and cos x is continuous at 
xeR. 

So, check atx=n,n € 1 


E 
ia lim [xJeos{ 22: Dy 


m 
2n- 
2-0, ig 
2 


ЭЭ 


[i the greatest integer function) 
: 2х-1 
RHL- lim [x]cos л 
хэл? 2 
20-1 
E i = 
Now, value of the function at x= n is 


f(n)=0 
Since, L.H.L - R.H.L. = fin) 


©. fo) = [x] cos ( == 1 


every real x. 


) is continuous for 


77 Statement-l istrue 


D 


Since Дх) = 
So, it continuous in 2. 
2,5 


3,25х< - is constant function. 
Sand differentiable 


5|=3 
[5—2|+0=3 
statement-2 -2 is also true. 


(а) Lety-sec(tan ! x) 


=зес (se TEN 


(b) Since, fand g both are continuous function 
оп (0, 1] and differentiable on (0, 1) then 


Зсє(0,1) such that 
fQ-f0 6 
1 


/'(с)= 


502-500 
1 

/'(с)=2в'(с) 

differentiable, it will be 


" 
N 


and g'(c)= 


1 
Thus, we get 


(©) Since g (x) i 
continuous at 
. lim g(x)= lim g(x) 
хәз хәз“ 
2k=3m+2 — 4D 
Also g(x) is differentiable at x = 0 
7. lim g(x)- lim g'(x) 
хәз хәз" 


24341 
k-4m 2) 
Solving (1) and (2), we get 


In the neighbourhood of x = 0, 
f(x) = |log2— sin х|= (log 2 — sin x) 
1. £(X)=|log 2 —sin| log 2 — sin x | 
= (log 2 —sin(log 2 — sinx)) 
- g(x) is differentiable 
and g'(x) =~ cos(log 2 —sin x) (- cos x) 
= 000) = cos (log 2) 


@ fo)-x-z| (e -Dsin|x| 


Check differentiability of f(x) at x = л 
andx-0 
аіх=л 
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i 33. (а) 5шсе,х)-15-110-х) 
e рэн _, 
RHD.— lim Aha e" P sin] аны 7 B(x) = х) = 15—110 [15-1101] 
DE h -15-110-3Х1-5| 
" ©. Then, the points where function g(x) is 
LHD- lig 28-46" Asin] z—h|-0 6 Non-difierentiable are 
hoo -h 10-x=0and|10-x|=5 
у RHD=LHD im 
Therefore, function is differentiable at x — rr 
atx=0: 
тен 34. @ у 
кнр.= lim 182116 0 ® ya) 
hoo h 
LHD.= lim! 
hoo 
2 RHD=LHD P 5 
Therefore, function is differentiable. = 2 соіа +cosec?a = N2cot a +1+cot? a 
atx=0. 3n 
Since, the function f(x) is differentiable at =|1 *cota|- - 1- cota. Ё a < EX 
all the points including z and 0. 4 
i.e, f(x) is every where differentiable . 
Therefore, there is no element in the set S. dy 2 dy 
— S = (ап empty set) RE кыдыы 2 
31. (d) Let f(x) is continuous at х= 1, then d 
AD-AD- "m 
=> S=ath EU 35. () kx ky 
Let f(x) is continuous at x = 3, then 
ADAD =B 
= at3b=b+ 15> а+2Ь=15 (2) E 
Solving (1) & (2) we get b= 10,а=—5 
Now f(x) is continuous at x — 5, then. 
ANFAS 
=b+25 = 
Which is not satisfied bya =—5 and b= 10. 
Hence, f(x) is not continuous for any values. = 
ofa and b E 
32. (b) Since, f(x) is continuous, then 3 3 
36. (а) From, LMVT for x e [-7,-1] 
л 
bo T (3 сун 2 
„=. 2 / 4 fCD-/C) ш, = 7053 2, 
хэл (17) 6 
э//(-1)<9 
ыг y2cosx-l | From, LMVT for x e [-7,0] 
әл caeci LO-A, 
Now by L- hospital’s rule OED 
/0)+3 


<2 = Д0)<11 
О) С) < 20 


37. (3) 


(х) is non differentiable а! х= 1, 3, 5 
[7 x - 3| is not differentiable at x = 3] 


УЛОО) = fü m) - fao» fuo» 
=1+1+1=3 


WWW.JEEBOOKS.IN 


Application of 


Derivatives 


Themaximum distance from origin ofa point on 


А ‚ (at 
the curve x= a sin -bsin| 7 j > 


at 
y=acost 2151 Бой a, b> 0 is [2002] 


(a) a-b (b) a+b 
Ova? +6? Quo 


If2a+3b+6c=0,(a, b.c e R)then the quadratic 
equation ах?+ bx + c = 0 has 12002] 
(a) atleast one root in (0, 1] 

(b) atleast one root in [2, 3] 

(c) atleast one root in [4, 5] 

(d) none of these 


Ifthe function. f(x) = 2х5 9a? +12а2х+1. 
where а > 0, attains its maximum and minimum 


at pand q respectively such that p? =q , then 


a equals 12003] 
(a) 2 (b) 3 
© 1 @ 2 


The real number x when added to its inverse 
gives the minimum value of the sum at x equal to 
(a) 2 (Б) 2 [2003] 
© 1 @ 4 


A point on the parabola 8x at which the 


ordinate increases at twice the rate of the 
abscissa is 12004] 


P» 


(€) (2-4) 


(à (24) 


The normal to the curve х= a(1--cos0), 
у= asin at ‘0° always passes through the fixed 


point 12004] 
(а) (a.a) (b) (0.2) 
(c) (0,0) (d) (4,0) 


If 2a 3b + 6c = 0, then at least one root of the 


equation ax?  bx--c = 0 lies in the interval 


12004] 
@ (1.3) ъ (0.2 
© 0,3) @) (0.1) 
Area of the greatest rectangle that can be 
2 
inscribed in the ellipse ~ 
а 
12005] 
(a) 2ab 
(c) Vab o$ 
The normal to the curve 12005] 


x-a(cosQ + 0 sinü),y—-a(sing — 0 cosQ) 
at any point 0 is such that 
(a) it passes through the origin 


(b) itmakes an angle i + 0 with the x-axis 


(c) it passes through (а-а) 


(d) Itisata constant distance from the origin 


м-140 
10. 
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A spherical iron ball 10 cm in radius is coated 
with a layer of ice of uniform thickness that melts 
ata rate of 50 cm'/min. When the thickness of 
ice is 5 cm,then the rate at which the thickness 
of ice decreases is 12005] 


@ = emmin. 


(b) — emmin. 
367 18л 


() L emmin. (d) 2 emmin 
54n F 


Tf the equation a,x" a, үх”! 


ax -0 
а # 0, n > 2, has a positive root x= & , then 
theequation na x”! + (и) 44" 7 +. 
[2005] 


+ aj = 0 hasa positive root, which is 
(a) greaterthan a 

(b) smallerthan a 

(c) greater than or equal to a. 


(d) equal to a 
A function is matched below against an interval 
where itis supposed to be increasing. Which of the 


following pairs is incorrectly matched? [2005] 
Interval Function 

(a) (- о, е) 30.33 

(b) р. ©) 2x9 3x? -12х+6 

(c) (-24] 3x? -2х+1 

(d) (-20,-4) x +6x7 +6 


Thefüncton f(x) = ni hasa local minimum 
2x 


at 12006] 
(а) х-2 (0) х=-7 
© х-0 (d х=1 


A triangular park is enclosed on two sides by a 
fence and on the third side Бу а straight river bank. 
The two sides having fence are of same length x. 
The maximum area enclosed by the park is. 
12006] 


15. 


16. 


17. 


18. 


ОТ 
2 


Value of c for which conclusion of Mean Value 
Theorem holds for the function f (x) = log, x on 


@ ax 


the interval [1,3] is 
(8) loge 


12007] 
(b) log3 


1 
(с) 2loge (d) loge 


The function f(x) = tan-!(sin x + cos x) is an 


increasing function in 12007] 
л тт 
(a) (o z) (b) Е: ij 
© [37) (d) (5:3) 
42 24 


If p and q are positive real numbers such that 


р? +? = 1, then the maximum value of (p +q) is 


12007] 
(b) 


1 

2 
© 42 (d) 2 
Suppose the cubic x? — px + q has three distinct 
real roots where p > 0 and q > 0. Then which one 
of the following holds? 12008] 


(а) Thecubichasminima at E and maxima 
(b) Thecubichasminima at -E andmaxima 
at E 
3 
(c) Thecubichasminimaatboth E and 4E 


(d) Thecubichas maxima at both. E and E 
3 


Application of Derivatives 


19. 


20. 


21. 


22. 


23. 


24. 
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How many real solutions does the equation 


х1 + 1455 + 16: + 30х—560 =0 have? [2008] 
@ 7 (b) 1 
() 3 (d 5 


The differential equation ofthe family of circles 

with fixed radius 5 units and centre on the line y 

=2is 12009] 

(а) (x-2y?2-25-y-2y 

(b) (y-2)?-25-(y-2p 

© (-2) (у-2ў 

(d (х-2)?у?=25-(у-2)° 

Let f(x) = x |x | and g (x) = sin x. 

Statement of is differentiableat x= 0 and its 

derivative is continuous at that point. 

Statement-2 : gof istwice differentiable at x — 0. 

12009] 

(a) Statement-l is true, Statement-2 is true; 
Statement-2 is not a correct explanation for 
Statement-1 

(b) Statement-1 is true, Statement-2 is false. 

(c) Statement-1 is false, Statement-2 is true. 

(d)  Statement-I is true, Statement-2 is true; 
Statement-2 isa correct explanation for 
Statement-1. 

Given Р(х) = хї+ ax? + bx? + сх +d such that 

x = 0 is the only real root of P' (x) = 0. If 

P(-1) <P(1), then in the interval [—1, 1]: [2009] 

(a) P(-1) is not minimum but P(1) is the 
maximum of P 

(b) P(-1) is the minimum but P(1) is not the 
maximum ofP 

(c) Neither P(-1) is the minimum nor P(1) is 
themaximum of P 

(d) P(-1)istheminimum and P(1) is the 
maximum of P 

The equation of the tangent to the curve 


4 
у=х+—у,{һа\15 parallel to the x-axis, is [2010] 


(a) (b) 
(с) (d) ) 
Letf: R — R be defined by 

2x, if х<-1 
x3, if x 2-1 


I(x 


1£f has a local minimum at x=- 1 , then a possible 
value of k is 12010] 


25. 


26. 


27. 


1 
(a) 0 © 7 
(с) -1 (d) 1 
Let f: R — R bea continuous function defined 
1 


by Ло) = 
d е*+2е * 


12010] 


1 
Statement -1 :/(0)- 2) for somec e R. 


Statement -2 :0 f(x) <——, forallx eR. 
22 

(a) Statement -1 is true, Statement -2 is true ; 
Statement -2 is not a correct explanation 
for Statement -1. 

(b) Statement -1 is true, Statement -2 is false. 

(c) Statement-1 is false, Statement -2 is true . 

(d) Statement - | is true, Statement 2 15 true ; 
Statement -2 is a correct explanation for 
Statement - 1. 


Let f be a function defined by - [201165] 


Statement - 1 : х = 0 is point of minima off 

Statement-2: /' (0)=0. 

(a) Statement-l is true, statement-2 is true; 
statement-2 is a correct explanation for 
statement-1. 

(b) Statement-l is true, statement-2 is true; 
statement-2 is NOT a correct explanation 
Tor statement-1. 

(c)  Statement-1 is true, statement-2 is false. 

(d) Statement-1 is false, statement-2 is true. 

A spherical balloon is filled with 45007 cubic 

meters of helium gas. If a leak in the balloon 

causes the gas to escape at the rate of 727 cubic 
meters per minute, then the rate (in meters per 
minute) at which the radius of the balloon 
decreases 49 minutes after the leakage began is: 
(b) 


@) 12012] 


(с) (d) 


о|ю wo 


9 
2 
2 
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28. Leta, b € R be such that the function f given by z Е 
Го) = In |x |+ bx? + ах, xs 0 has extreme values (a) 12 (5) (36 
аїх=-1апдх=2 
Statement-I : f has local maximum at. = —1 and (c) (0.0) (d) (o 


29. 


30. 


31. 


a. 


at x-2. 


1 
Statement-2: à = — and b = — [2012] 
2 4 


(а) Statement-1 is false, Statement-2 is true. 

(b) Statement-1 is true, statement-2 is true; 
statement-2 is a correct explanation for 
Statement-1. 

(c) Statement-l is true, statement-2 is truez 
statement-2 is nota correct explanation for 
Statement-1. 

(9) Statement-1 is true, statement-2 is false. 

The real number К for which the equation, 

233 +3х + К = О has twodistinct real roots in (0, 1] 

[2013] 


(a) lies between 1 and 2 
(b) lies between 2 and 3 

(c) lies between .1 and 0 

(d) does not exist. 

1 and x — 2 are extreme points of 


f(x) = «Іов |х| + Bx? +x then 12014] 


(a) «-2p-- ©) «-2p- 


le 


1 
2 


(d) а= -6.В= 


2 


1 
=-68== 
© а Эр, 


Thenormal tothecurve, x2+2xy—3y2=0, at (1, 1) 
[2015] 

(a) meets the curve again in the third quadrant, 

(b) meets the curve again in the fourth 
quadrant. 

(с) does not meet the curve again. 

(d) meets the curve again in the second 
quadrant. 

Consider 


fedem | 


l+sinx (9! 
1-sinx 2 

А normal toy= fix) at x = Е a sopasses through 
12016] 


thepoint : 


33. 


34. 


35. 


36. 


37. 


38. 


А wire of length 2 units is cut into two parts 
which are bent respectively to form a square of 
side — x units and a circle of radius — r units. If 
the sum ofthe arcas ofthe squareand the circle 
so formed is minimum, then: [2016] 
(а) x-2r (b) 2x-r 
(с) 2х=(л+4г (фй-л)х-лг 

The normal tothe curve y(x — 2)x —3) =х + 6at 

the point where the curve intersects the y-axis 

passes through the point: 12016] 


Twenty metres of wire is available for fencing off 
a flower-bed in the form ofa circular sector. Then 
the maximum area (in sq. m) of the flower-bed, is 
: [2017] 
(а) 30 (b) 125 

(с) 10 (d) 25 

The eccentricity of an ellipse whose centre is 


Ё 
at the origin is >. If one of its directices is 


х= – 4, then the equation of the normal to it at 


3 
3) is: 2017] 
(13 (20171 
() x*2y-4 (b) 2y-x 
(c) 4х-2у-1 (d) 4х+2у 
1 
Let (х) = х and g(x)-x-—, 
x x 
f(x) 
x eR - {1,0,1} .If h(x) =—~, then the local 
g(x) 
minimum value of h(x) is: 12018] 
@) ® -2/2 
(0) (d) 3 
If the curves y? = бх, 9x? b; 6 intersect 


each other at right angles, then the value of bis : 
12018] 
(a) 5) 4 


(с) (d) 6 


Qoi | 


Application of Derivatives 


39. 


40. 


41. 
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The maximum volume (in cu.m) of the right 4 8 
circular cone having slant height 3 m is: @ y ® is 
12019] 7 8 
@) бл O) 35x 9 17 Gy 
" 42. Ifthe tangent to the curve, y 7 x t ax —bat the 
© 37 @ 2/3л point (1, 5) is perpendicular to the line;=x+ y--4 
т = 0, then which one of the following points lies 
Let 0<0< 2° lf the eccentricity of the on the curve? [2019] 
hyperbola 12019] зулын б) C2) 
ын (e) Q.-1) (4) (2—2) 


= is greater than 2, then the 


length of its latus rectum lies in the interval: 

(а) (3,29) (b) (3/2, 2] 

(€) 0,3] (d) (1.3/2] 

If 0 denotes the „acute angle between the 

curves, y = 10 -x° and y = 2 + х2 at a point 

of their intersection, then |tan 0| is equal to: 
12019] 


Answer Key 


43. 


Let S be the set ofall values of x for which the 
tangent to the curvey 7 х) 7x? —x?—2x at (x, у)іѕ 
parallel to the line segment joining the points 
(1, (1) and (- 1, 4-1), then S is equal to:[2019] 


а) fen © {-+ ч} 
(©) | (d) ГМ 


ШЫНЫН 
(4) | (c) | (a) | (d) | (d 


НЭЭНЭ fei per far 


BE 
(b) m (c) 


pac [2s [aor Ta [9 [a 


(с) e 
a 
(a) 


(b) | (d) @ 


т 
2—2аЬ cos 1-2) i 
\ b 


а? +b? +2ab 


=atb 


2. Maximum distance from origin = a+ b 


2. 


ба) Let/(x) 
= /(0) - 0 and 
b 
/0)- 3+5 5168 


х= | гайх = 1 are two zeroes of f (x). 
Also f(x) is continuous and differentiable 
in [0, 1] and (0, 1). So by Rolle’s theorem, 
/' (х)=0. 

i.e ах? + by + с = 0 has at least one root in 
(0. 1). 
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3.0) 
а ©) 
5. (а) 
6. @ 


~. The slope of the normal at 0 = tan Ө 


Pa) - 23 9a? +120? хэл 7. The equation of the normal at 0 is 
P(x) = 6x? -18ax+ 12a”; у-азїпӨ = tan @(x-a—acos®) 
Formaxima or minima. = ycos0 — asinO cosQ = xsin -asin 
6x? —18ах+12а? = б => x? -Зах+ 247 =0 —asin®@cos0 
= x=aorx=2a, => хзїпӨ- ycos0 = азїпӨ 


Me) = 12x -18a 


Уа) - —6a <0 л f(x) is max. аіх=а, 
Qa) = 62 0 
2 f) is min. atx=2a 7. @ 
= p=aand q=2a 
2 5 b 
ATQ peg /®)= and 70) = 2c 
ла 2242» a=2ora=0 
5 2a+3b+6c А 
but а> 0, therefore, а »/@)= =0 (given) 
low i =/@) 
j-x4— =D 
AIO gest ew f) is polynomial, so, it is continuous 


and differentiable, also, 


Formaxima. orminima., differen M 
7. f(x) satisfies all conditions of Rolle's 


1 02x-i theorem therefore f'(x) = 0 hasa root in (0, 1) 
ie. ax? +bx+c=0 has at lease one root 
du) in(0,1) 
= | ЕЗ ба» З. (а) Area ofrectangle 
i ёс ABCD = 2acos 0 (25810) 
цана 9 A=2absin20 
- Y 
(-acos0, bsin0) (a созб, bsin0) 
В, A 
X 
c D 
(-acos0,—bsin 0) (асовб,—ЬзїпӨ) 
dA 
— = 20.2 = yl 
РЕЯ Е 90 = 24000202 = 4abcos20 
formaxima and minima. 
Sine s Sat ont) Даф cos20 = 0 = cos 20 — 0 
л Зл 
= ap 
— = -asin0 and у= asin0 59229024 


Application of Derivatives 


9. (4 
10. (b 
п. 0) 
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2. Area is maximum at х = 


sla 


А = Zabsin s = 2ab. 
2 


Given x= a(cos0 +ӨзїпӨ) 

2 Æ < a(-sind 510-0050) 
СЭРЭЭ а) 

= 0-40 ы 


(іп — 6cos0) 


a[cos0 – cos0-- Өзїп Ө] 


From equations (1) and (2) we get. 
d 


=tan @ = Slopeofnormal =— cot 6 


а 
Equation of normal at 'Ө' is 
y-a(sing — Ө соѕ0) 

--с0 0 (Х-а(со80 + Ө sin Ө) 


asin?0 +a Өсоѕ0 sing) 


э уяад 
—-xcos0 + acos? 0 + аб sing соѕ0 
=> xcos@ +ysing =a 

Clearly this is an equation of straight line 
which is at a constant distance ‘a’ from 
origin. 

Given that 

Total radius r= 10+5= 15 ст 


dv Я AE з) 
[T 550 стіл пг? |= 50 
27750 m/min > D Sar 


` snr? Zso 


dr — 50 
2 dio 4л05)) 


— emmin 
187 


Letf()- apx" &a, ix" ++ ах =O 
Given second equation, 


nax" (n-l)a, ух" 


Given а #0 =/(0)=0 


+а=0=/'(9) 


Again f(x) has root a, = /(0)-0 
/0)=/(о) 


By Rolle's їһеогет/'(х) = 0 has root 
between (0, 0) 


Hence f'(x) has a positive root smaller 
than a. 
12. (е) Fromoption (c). f (x)= 33^ - 2x1 is. 
increasing when. f'(x)-6x-2 2 0 
=> selio 
^. f(x) is incorrectly matched with 


2 


13. (a) Given f(x)= i4 rey=4 


=#=4>x 
Now, / wes 
x 
PC), = +уе = f(x) has local min 
atx-2. 
1 
14. () Area-— 


(x is constant) 


1 


тах =>" 
2 


EE 
15. (c) We know that Lagrange's Mean Value 
Theorem 


Let f(x) be a function defined on [a, b] 


/%)- f (a) 


then, /(с)= = 


x) 

= c e[a,b] 
рет КЕРУУ 
Фїна/0)-108д +. 710) — 
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From eqn. (i) dv 5 n 
1_/@)- 0) Pci сы захар 
с 3-1 
1 log,3-log,! _ log 3 
e 2 7238 


E 3 > c-2loge 


loge 
16. (d) Giventhat /(x) —tan-! (sin x+ cosx) 
Differentiate w.r. tox 


f'Gy- — — — — (eos x -sinx) 
1+ (sin x- cosx)? 


19. (b) Let 
ES — Г) = 1670-48? 3070, y xeR...(i) 
1+ (sin x--cos = fis an increasing function on R 
Also lm /(х)=® and 
Vil cos*.cosx—sin Z sin j хэс 
2 4 4 lim f(x) =-2 i) 
aoe В 
1+ (sin x «cos. From (i) and (ii) clear that the curve 
md -f (x) crosses x-axis only once. 
one йез di ) +. f(x) = 0 has exactly one real root. 
Ге)= roe 20. (c) Let the centre of the circle be ( h, 2) 
: UE ст 2. Equation of circle is 
Given that f (X) is increasing : Р 
z (x- hy. +(у—2)° =25 NU 
270) >20 = со E +4) >0 Differentiating with respect to x, we get 
dy 
2(x- h)«2(y-2) 2. = 
mp TT (x8) E2(y-2) L0 
dv 
БЭХ C = х-й=җу-2у = 
4 Squaring both sides 


ер =(v-27(4) 


Substituting in equation (1), we get 


17. (9) Given that p+ q 5 
+ р=созӨ and q=sin0 satisfy the o-»(£) *(y-2? -25 
given equation ` ах. : 
Then p+q=cos0+sin0 
We know that 


—Va? +b? <acos0+bsin0 < Va? +02 
2 02 <cos0+sin0 < V2 
Hence max. value ofp + q is /2 


—(-2y (у)2=25 – (v-2P 
21. (b) Given that fi |x | and g (x)= sina 
2 во/о)= в (/(х))= я (1х) =вїп х |х| 


_ fsin@-x), if х<0 
|sin(x2), if x20 
= if х<0 


sinx?, if x20 


18. (а) Lets рх+д > 


dx 
For maximaand minima 


Application of Derivatives 


22. 


uu 


(e) 
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2x cosx“, if x «0 


7^. (gof) (0- | 


Неге we observe that 
LHD (go/) (0)= 0 =RHD (gof) (0) 
go fis differentiable at x=0 

and (go. is continuous at x = 0 
Now(gof)"() 


2 pen 2 
sx” + 4x" sin х? 


2xcosx?, if x20 


Here we observe that 
LHD(go/)"(0)=—2and RHD (go/)" (0)=2 
LHD (go f)" (0) = RHD (go/)" (0) 

go f(x) is not twice differentiable at 


0. 
Statement-1 is true but statement-2 is false. 
Given that P (x) = ax? + bx? + ex d. 
Р'(х) = 4х3 *3a + 2bx +c 

But given P'(0) =0 > c=0 

Р) = х4 + ах +b? +d 

Again given that P(—1) < P(1) 
l-a+b+d < 1+а+Ь+4 

a>0 

Now Р! (x) =4x3 + 3ax? +2bx 

= x (4x? + Зах + 2b) 

As P' (x) = 0, there is only one solution 
x=0, therefore 4x? + 3ax + 2b = 0 should 
not have any real roots i.e. D<0 


94? 
992-325 «0 => b> 50 


Hence a, b> 0 
=> Р'(х) =4х3% + Зах? +2bx> 0 
Үхэ0 

P (x) isan increasing function on (0.1) 
P(0) < Pla) 

Similarly we can prove P (x) is decreasing 
оп (— 1,0) 

Р(-1)-Р(0) 

So we can conclude that 

Max P (x)= P(1)and Min P (x)= P(0) 
P(-1) is not minimum but Р (1) is the 
maximum of P. 

Since the tangent is parallel to x-axis, 


d 


8 
Q——-021-—-0 ud yc 
fe T50 эх-2-эу-3 
Equation of the tangent is y —3 =0 (x-2) 
=>y=3 


2x+3, 


24. © ло Dos 


26. 


b 


if x 


ifx»-1 


Clear that /(x) is minimum at (-1, 1) 


А/ЛС)=1 
124922 k= 


Го) = 


2. Maximum values of /(x) — 


э 0</(х)<—1— VxeR 


e" +2уе* 
(e^ +2} 


/\х=0 = 2532 


242 


Sine o cl. 1l. 


3 2 


= forsome сек. уке) - 1 
3 


tanx 


"m x 


Forx>0 
tanx?x 


tanx 
---»1 


1 
яд 


№ 
4 
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27. © 
28. 09) 


Forx<0 = tanx<x 


tanx + 

= эте, < — 

s — 2 
/(0)=1ах=0 
E is the point of minima - 
So, Statement | is true. Statement? is also Somaxima atx——1,2 
true. 29. (d ЈО) = 223 +3x+k 
Volume of spherical balloon fO)=6243>0VxeER (7 3250) 
— — Лх) isstrictly increasing function 

‚тт 
= Дх) - 0 has only one real root, so two 

Differentiate both the side, w.r.t't' we get, roots are not possible. 

dV, (dr 30. (а) Let f(x) =a. log |x | - Bex 

E Anr ( а) (i) Differentiate g” side, 

After 49 min, /'(х)=—+28х +1 

‘Volume = (4500499 T2 біос БО x — 2 are extreme points 

-(4500-3528)л--972 xm? D 0 : 
PE эл мр therefore /' (х) =0 at these points. 

4 Putx 2in f'( 
D 972r = Sn —-а@-—28+1=0—а+2р = 
ш х243-3х35-39-(32) © +4аВ+1=0 =а+вр =-2..(й) 
илж On solving (i) and (ii), we get 
oo dV 
Given —=72n 
di 
dV 
g —=72л andr=9 t 
dp 12% mdr 31. (9 Givencurveis 


7an=4nx9x9{ 2) 

dt 
dr (3) 

ER mE 
dt (9 

Given that, f(x)=In 
Ро) Leia 


Atx--l, f'G) --1-2b*a-0 
=> a-2b-1 


d bx? +ах 


(i) 


1 
Atx-2, f'@)= grated 


1 

= at4b=—- > Ё 
2 1 Q03R 
=,b=-= 
2 4 


On solving (i) and (ii) we get а= 


х2+2ҳу-3 
Differentiatew. 


EU 


dy dy 
2x 42x 2 e 2y -6y 2 
de Y Уа 


С 


Equation of normal at (1, 1) is 
y-2-x 40) 
Solving eqs. (1) and (2), we get 
Же; 


1 


Point of intersection (1, 1), (3,1) 
Normal cuts the curveagain in 4th quadrant. 
1+sinx 
@) Ло) = ап Ч EE 
Тех 


Application of Derivatives 


34. 


© 
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x46 
(x-2yx -3) 


Aty-axis, xc 0— y-1 
On differentiating, we get 


We have y— 


dy _ (x? -5x +6) (1)-(x +6) Qx -5) 
dx (x? - sx +6)? 

dy _ В 

ds = 1 at point (0, 1) 


2. Slopeof normal =~1 
Now equation of normal is y- 1 ——1 (x -0) 


35. 


36. 


@ 


ө 
A=Area= — Xnr = 
Qn 


(e) 


We have 
Total length =г+г+10=20 
=2г+10=20 
20-21 
г 


-—0- 


А=10г—г? 
For Ato be maximum 


ЯА 0 > 10-2r=0 
dr 


-r-5 


From(l) 


A- E -25sqm 


1 


Eccentricity of ellipse = 5 


Now, -2 =-4=—а=4х 1-2а=2 
© 2 


We have b? = a? (1— 


uda 
Д 


Now differentiating, we get 
3x 


Xy А 
EP SU -0-у ay 


2. Equation of normal at (3) is 


3 
у-5=20-1)=2у-3=4-4 
лах-2у=1 
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For slope of curves: 
curve (i): 
37. (© Here, h(x)= dy 3 
(2 =йү= = 
Ф ау) У 
à curve (i): 
--2-t 
Lem. (8) шиг” 
d (а =m -A 
ECT byi 


38. 


h(t) 


hj (Q=1- 
t-i42 
" 
h,"(t)-— 
9-2 
E 
hy "(-V2)= <0 
! «23 
4 
hy "W2) => 0 
Cen 
^ hi0 is minimumat t = V2 
^ h(2)2 2/2 
Hence, 2/7 will be local minimum value 
ofh(x). 


(c) Let curve intersect each other at point 
Р(х,у) 


Since, point of intersection is on both ће 


curves, then 
УГ 26x, NI 
and 9x7 +byz=16 — ii) 


Now, find the slope of tangent to both the 
curves at the point of intersection P(x,. уу) 


Since, both the curves intersect each other 
at right angle then, 

27x, x, 

ll] b-277L 


byr Уг 


шту =-1=> 


~. from equation (i), ь=з?хт= 


Nio 


39. (d) 


epg-qi9 mo) 
Volume of cone 
[2 lar? 40) 
3 
From (1) and (2), 


> V= тө E yh 


1 3 
=> y--n9h-h 
370^ n) 


481 (9-ыд) 
dh 3 
Formaxima/minima, 
av 
dh 
> h= 473 Sh= 3 


-05 $70-34)=0 


(0) 


Application of Derivatives 


40. 
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av 1 
Now; — = —n(-6h) 
Шагж! C 
Here, (=) 50 
dh һр 


Then, h= J3 is point of maxima 
Hence, the required maximum volume is, 


y- +щө-зуу5 = Min 


() ~ a cos 6, b= sine 


ande>2>e>4>51+b/a>4 
= 1+1ап20>4 


>se? O>4>6e ( 


Latus rectum, 


_ 2b? 28820 

шэн 

d(LR) 
d 


LR = 2(sec 0 — cos 8) 


= 2(sec 0 tan 6 + sin Ө) 


дес? Ə- tan O+ sec? Ө + cos0] >0 


т 
max (LR) tends to infinity as Ө —> 2 


Hence, length of latus rectum lies in the interval 


(3, оо); 
4l. (b) Since, the equation of curves аге 
j=10-x NUI 
у=2+0 (2) 


Adding eqs. (1) and (2), we get 
2у-12-эу-6 

Then, from eqn (1) 

х=+2 


42. @ 


аз. @ 


Differentiate equation (1) with respect tox 


a (2) EE E 
dx (2,6) а (2,6) 


Differentiate equation (2) with respect tox 


84-11 nal 

dc 2 de ju жин: (2,6) = 
(-9-0) 8 

At (2, 6) tan Ө (85) 215. 


(=) 8 


At(-2, 6), tan 8= тауа) = TS 


8 

2 tan @|= == 

lan ө|= 15 

у=з$+ах-Ь 
Since, the point (1, —5) lies on the curve. 


Since, tangent is perpendicular to у= x — 4, 
then slope of tangent at the point P (1, -5) = 1 


< 3+a=-l>a=-4>b=2 


2. the equation of the curve is y= x3 —4x -2 


= (2, 2) lies on the curve. 


y=flx) =x3- x2 2x 
Ф 32 2-2 
dx 
11)-1-1-2--2, 8-1)--1-1-2-0 


Since the tangent to the curve is parallel to 
the line segment joining the points (1, 2) 
and (-1,0) 

And their slopes are equal. 


>m -2-2222 ээх- 


Hence, the required set 5 = {Fa} 
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f, |sinx | dris 12002] 
(a) 20 ( 8 
(c) 10 (d) 18 
n4 
1,7. | tan” x dy then lim иб, 4-1, ] equals 
A эж 
12002] 
@ 1 (1 
2 
(c) æ (d) zero 
2 
| [х?]йх1з 12002] 
0 
(a) 2- J2 (b 2+ J2 
© 42-1 (d 02-43 +5 
Е : 
j 20390) дс is 12002] 
1+cos* x 
2. 
a e) x? 
4 
т 
(с) zero @ 5 


b 
If f(a+b—x)= f(x) then [xf (dx is equal to 
[2003] 


a+b 


b 
@ S5 [fae bie xd 
“a 


b 
93^ f pb xlv 


2 


(9) 


n 
450 fode 


(с) 


ET 
« 2251 rows. 
2 а 


Let (x) bea function satisfying /'(х) = Дх) with 


Д0)=1 and g(x) be a function that satisfies 


RX) + g(x) = x° . Then the value ofthe integral 


1 
TAG) gods, is 12003] 
0 


mm 


1 
The value of the integral J = | х(1-х) “ах is 
° 


12003] 
Diu d 4. 
e ai n ©) ты 
1 1 1 
© мш @ viu 
у: 
no 2, СЕ" is 12004] 
А 
(а) е+1 (b) e-1 
(с) 1-е (d) е 
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3 1 
9. The value of [1—2 is 12004] @ Ид 
-2 
b) L 
1 14 ( 5 
@ 3 e) е 
1 
1 n MEZ 
© 5 | 
@ le 
DEM 2 5 
(sinxcosx) , , т 
10. The valueof f= | 2522 817 gy is 
o Vi+sin2x (оех-1 | 
2004] 15 Ї er | dx is equal to [2005] 
12004] 1+(овх)? 
@) 3 (b) 1 
© 2 (d) 0 e loge +e SHC 
т DE (08 х)? +1 ET 
п. grfxfGin)yde А | f Gsinx)d then АВ > " 
D D O +С 9 
12004] i+ ов)? + 
(а) 2л (b) л 1 ia 2. 
16. 102 = [27 de, p= [2 dn g = jo 
z о 1 
(с) u (d) 0 А 
2 3 
x fe and 1, = 2" dx then 12005] 
12, If/()-——,. h= Ї хвх1-х) А 
Lee fCa) 
@ 1524 O 4715 
f(a) 
and h = j gixü-x)dw then the value © h-1 @ 521, 
fi-a) 
cos? 
ча : 12004) 17. The value of jes kw [2005] 
т 
(b) 3 (a) ал Ы > 
d) 2 
i © = (d) 2л 
13. dx = Ax+ Blogsin(x-a)+C, Л 
then ӨВӨӨ, B)is [2004] 18. The value of integral. | Гар“ is 
а) (-cosa,sin a. (b) (cosa, sin) 
(а) € ) (b) ( ) 12006] 
(с) (sine, cosa) (d) (sina,cos a) 1 3 
(а) = (b) = 
dx 2 2 
14. Еее is equal to 12004] () 2 @ 1 


м-154 


19. 


20. 


21. 


22. 
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z 
[finca is equal to 
D 


п л 
@) nf (со) Ф л] f Ginx)dc 
0 0 


л/2 2/2 


© 21| біп дас (Aa | /(совхуйх 
0 0 


л 


2 
[| [Gc т)? + соѕ2 (х +3л)]йх is equal to 
Зл 


12006] 
т x T 
@ зу (b) 32 
© z (à 2-1 


The value of f[x] f'(x)de. а > 1 where [x] 


1 
denotes the greatest integer not exceeding x is 
12006] 


(а) af(a)-{f() + /(2)+... 
(b) [a1/(a) -iA f (2) +..... 
(с) lalla- + /02)+. 
(4) af(a]) - Lf) * /(2)+... 


Ї dx 


cosx- V3 sinx 


12007] 


equals 
а) logtan (+4) +с 
(а) log 2*m 


(b) logtan ЇЕ t) е 
A + 


1 
(c) Flog tan ( 


1 
(d) 2 logtan 


24. 


25. 


26. 


27. 


x 
(2006, 23. Le Fo) fo) f (+) where feo» | Pea, 
ae 1 


Then F(e) equals 12007] 
(a) 1 (b) 2 
(c) 12 (d) 0 
The solution for x of the equation. 
12007] 


1 
cosx 
- dx. Then 
о Ух 
which one of the following is true? [2008] 


A 
@ I>Žandj>2 Ф® I< Zand <2 


2 2 
(©) Te cand T2 (4) D» aay <2 


sin хк 


m, 


The value of 4/2| is 12008] 


п 


)- 


(8) x+log|cos 


|+e 


) 
m 


à» x-log sin(x- 
© x+log|sin( x- 
(d) stg [cos x-2] ec 


А 
[сох], where [ . ] denotes the greatest 


0 
integer function, is equal to : 12009] 
(a) 1 (b) -1 
л л 
E: dy 
© 7, 9 5 


Integrals 


28. 


29. 


30. 


32. 


33. 
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Let p(x) be a function defined оп R such that 
рух) 9 p'(1 х), forallx е (0, 1], p (0) = 1 and 


| 
p()-41. Then | рх) а equals — [2010] 
0 

@) 21 (b) 4 

© 2 @ Jar 
1 

The value of peste д i [2011] 
11422 

(a) Fog 2 () то? 

(c) log2 (d) m log2 


Let [.] denote the greatest integer function then 


pa 
the value of | ХХ Jar is 
0 


(2011 RS] 
3 
@ 0 ШЕ 
3 5 
(c) 1 (d) 2 
Ifthe 
[2 axe rain  Мах-2сон +k, 
tanx-2 
then a is equal to: [2012] 
à) -1 © -2 
©! @ 2 


x 
1га (х)= fcosatar „then е(х л) equals 
a 
12012] 


80) 

(a) SX 
g(x) 

© g@)-gs@) 


(5) g(x) +g(a) 
(d) g.g) 


it | foods = (x), then ЇЕ f'G)dx. is equal 
to 12013] 


ө Hejo] 


(b) Layo э-3| ро) 


34. 


35. 


36. 


37. 


(с) ту @?)- fyo d+ 


(d) ie у-ро? 22 +С 
Statement-1 : The value ofthe integral 


D 


de 
Tore is equal to 7/6 


, n 
Statement-2 : | /(хуфс- | f(a +b- d. 


[2013] 

(а) Statement-1 is true; Statement-2 is true; 
Statement-2 isa correct explanation for 
Statement-l. 

(b) Statement-l is true; Statement-2 is true; 
Statement-2 is not a correct explanation Гог 
Statement-1. 


(c) Statement-1 is true; Statement-2 is false. 
(d) Statement-1 is false; Statement-2 is true. 
The intercepts on x-axis made by tangents to 


the curve, у= иа, x eR, which are parallel 
о 


to the line y = 2x, are equal to: 12013] 
@) +1 (b) +2 
© +3 @ +4 


le" хах is equal to 


The integral fis 


[2014] 
zi E 
@ (xee sac 0) — *^+с 
1 E) 
© (x-ie хас (D xe *+с 


л " Y 
The integral | J1-4sin? i EL ах equals: 
0 


120141 

@ 4435-4 () 3-4-5 
2n 

© x-4 (d) caca s 
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dx 43. The integral 
38. The integral | талт "Ж 
хї(х*ї+1/ | sin? xcos^ х 
i (4 u in^x- cos^x sin? x + sin^x cos^x« cos^x)? 
энэн isequalto : 12018] 
х ` 
a) >t +С 
"m i © Захих) © созк 
D 1 
c (d (Due EI 1 
© xj. [E T +c а ын 
1ксой х 3(1+ tan?x) 
iners i logx? (where C is a constant of integration) 
5 log x? + log(36— 12 x+x? 5n 
is equal to: 12015] 
(а) 1 (b 6 
©) 2 (d) 4 4. 12018] 
12 
40. The integral (ЭВЧН s is equal to: af 
КИСИ @ 5 ® 4m 
12016] т л 
© | @ y 
(a) л 
45. The value of f|cos x[ dx is 12019] 
D 
(b) 4 
(a) 0 © 3 
2 4 
© ШЕ @ -3 
46. For х + nm + 1, neN (the set of natural 
numbers), the integral 
o —*~—, 
2(x5+x7 41) А 
: > dx equal is 
where C is an arbitrary constant. 
Эр 12019] 
; ёо. 
41. Theintegral isequalto: [2017] 
1 1+созх 
H 
(a) -1 (b 2 
(c) 2 (d) 4 


42. Let, = | ал! x dx,» 1). 1,1, atanc +bx5 


+ C, where C is constant of integration, then the 
ordered pair (a, b) is equal to : 12017] 


ш 2 


e() (54 


(0) = log. js 


(d) 


(where c is a constant of integration) 
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47. If fx) isa non-zero polynomial of degree four, СЭР" 

having local extreme points айх --1,0,1:еп 49. Thevalueof | —À7—— — dv is: — [2019] 

thesetS— {x €R : fix) = {0)} contains exactly: 0.900084 

[2019] Яб 

(a) four irrational numbers. @) (b) 

(b) fourrational numbers. 

(c) twoirrational and two rational numbers. (c) 

(d) twoirrational and one rational number. 50. £fla--b-- 1-3) f), for all x, жй Ва and b are 


48. 


The integral. f sec? хсовес хас is equal 
to: 12019] 


(а) -3tan ^x 4 C (b) ты ^x 


(c) -3 cot"? x+ C (d) 3а ?х+С 


(Here C isa constant of integration) 


fixed positive real numbers, 12020] 


П 
1 
then Sp! хх) + A + dis equal to: 


a 


be _ а, 
@ [Лода 0) [Лода 


ba m 
© J) fere Dae @ |, re nas 


Answer Key 


Solutions 


А 
[sinx | dx =10{|зїп x|dx 
0 


[7 sin(10x —x) =sinx] 


x 
-10| пх а 
0 
vsinx» 0, forüex«em. 
as sin (пх) = sinx 
х/2 
1-20 | sinx dx - 20[-cosx]; 
v 


O Ty tly = | tan” x(1+ tan? х) 
0 


П mj 
TE Pang tan"! x 
= | tan” x sec? x de =| 5-5 
n+l 
0 È 0 
na 
[ [da= | 
n+l 
21-0 i 
n+l n+l 
Hp c P nell 
а= р тэс P Mat a 


M-158 
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" 1 ( п 
= lim n— = lim —— 
n>» n+l noontl 


. n 
= lim 


p af 1 н) 
п 


3. (à) We know that [x] is greatest integer 


function less than equal to x 


5 ЇР ин ЭГ" 


45 2 
ШЫН! 
v2 E 
1 42 45 2 
9, joo Ї de f 2dx+ J зас 
0 1 v2 КД 


Ч ЭЭ «dos 
= 2 1423-22 +6-3W3 
-5-43-01 


ЇЕ 2x (sin). 


л z xsinx 
-Г, soe Г, nw 
1+cos” x 1+cos x 
on mx sinx dx 
=o14f 2255, 

0 1400s" x 


We know that 


E | /69dx =0 , if f(x) is odd. 


E 
a 

3 2] fds — if fœ) is even 
0 


pe- х) віп (па) 
1-410 Ty cos? (т-х) 


TN penny зїп x 


1+ cos” x 

sacas? simxdr px sin xdv 
9 1 cos? 

= eaae 


9 Lecos^x 


2 
1+cos* х 


© 


putcosx =f = -sin x dx = dt 
whenx=0,t= Land when x= л, t=-1 


b b 

12 руса = [(а+»-х)/(а+5- ах 
a 

чы know М 


fros- [reso x)de 


a 


b 
= (oral /а+Ь- xdr- [arta хуй 
a а 


b b 
= (as b)[ f(x) dx- родах 


Г: Given that fa+ bx) =] 


b 
21 - (a. DES 


a 


b 
1 “лк 


ШЕ 


Given that f'(x)= /(х) 29 ———=1 


Integrating both side we get 
log f(x) = хъс /(х)=е*'* 
/0) =1= f(x) =e" 
-go)-x 


1 1 
х | Ох) (дах je*G? —е*)ах 
0 0 


175 їй gs 
=[2е*ах- [е “ах 


Integrals 


7. 
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1 1 
@ = хах)" [ü-3)0 713) d 
0 0 


1 1 
= [а-а [e =x! y 
0 ° 


51! 
ү! үн | | 
n+l оп+2], “ич! п+2 


© ш 2 2 [Using definite integrals as 


fens, Ginx + cosx) 3 Хх + cos. х)? 


(sin х + cosx) 


(sinx +cosx)dx 


Se ould 


: " П 
БОЛОН 


ший аны 
1 
=[е'ах=е-1 А 
9 or /=[—cos.x+ sin x 
3 3 т 22 
@ fu) 2-а п. 0) Lez- fynd NT 
-2 -2 0 
We КпоуШагх2-1-0-эх-1,-1 We know that 
— а а 
204 1 3 [ода = | (а-хуй 
2 0 0 
2-1 у xs : 
Now|x^-1Epj1-x? if `—1<х<1 = [ (n=) f(sin xax 
2 b 0 
х- ЙАА Adding (i) and (i) 
т 
E 1 2 
Го? Dae | 0-22 )dv+f 0? - nav БОР ал заар, ПО 


2 E 1 0 


4 | | 3 | E | [+ sin(z—x) = віп х] 
- mut л 
3 3 3 2 

-2 -1 1 Н 


l= xf f(sinx)dx => A- x 


АННАН) m 


Let logy = t2 ef =x 


27 1 1 
+——-3|-|—-1 S dee 
(2 ) Ё | aad 
22,2,5,6,2.28 = dx= xdi > e'di. 
333 3 3 e 
х 10. ФоЛо- 


ГЭЭР 2 m 
T (sin x +cos x)” 
o 1| Sk 


vVl+sin2x > /(-х)--5 
1+ 
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oft (х) =1У хек Ї 1 7108 х 
fe C'lüs00g3*) (1+ (log x)? 
Now = | хех) 
fco 
fü) 
= | @-9ш{х@-х)& Aa 2 
fCa) =je 3723 |d 
1+? He 
5 " [Which isof the form fe" (f(x)+ f*())d 
using | f(x) dea [7 enne $ fee +e] 
a a 
f(a) f(a) __—_„ E 
= | вра) | gol- mA Tog 2 
fa) fCa) (m, n 
=h-h>2h=h 16. 0) 7, [2" dr, = 2 d, 
sinx sinx- aea) к 0 0 
mo [рез а)“ | ea) sin(x-a) Z 7: 
[= а)соѕа + сок(х -а)зіпа h = [2° ds nu |а 
= а 
sin(x-a) QD. 
= | {cosa +sina соц -o)}de ¥ «25, 0c x«l 
= (cosa)x+ (sin) logsin(x а) «C iy ts 
Comparing with Ах + В logsin(x—a) +e э [2 der [2% ЭРЭЛЧ? 
2 A=coso, B sina. о D цан 
Hoo and 2° 527, x»1 
=> Ll 
т 2 
соз? x 
17. @ 1а7= f З 0) 
1+ 
_1 5 
@ 
-Liogan 243 х) c 5 : 
w 14 2 Ы Using | (х) ас /(а+5-х)х 
Г 7 а а 
v [secx de logltan{ 242) 
42 ах cos? x 
“| ge 0) 
A opes 
Adding equations (1) and (2) we get 
(10, л т 
—R— de 14g] 
шан Ганок? 21= [ә Eje J cos? xt 
14 (logx)? -21ogx SE TE 
=|. a ГЭЖ: 
1+0)? | =2[сов? хас Гето) 


0 
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Li 


=2x2 


PIE 


3 
2 8 
cos? x de - 4 | sin? хас 
0 


л 


2 
= 1=2] sin? хас-2 
0 


а ж 21. 5 
2 2 
= 122|dx-2| cos? x de 
0 0 
1+1= Ban ‚2 
> 2 2 > 2 
6 
18. © =] Ух dx @) 
5 o xe x 
6 
9-х 
I= а 
! 9-х+ух =®@ 
b b 


ГУ | fed = | /(а+Ь-х)ах1 
Adding equation (1) and (2) 
! 3 22. 


21-|ёс-15 =3 = 1-2 
t 2 


© 


H л 
19. () = xf (sinx)de [|(л-х)/(їпх)& 
0 0 


л 
= af f(sin x)de=1 
0 


л 
>U =n] f (sinx)dx 
0 
n/2 


x 
1-5 [f Ginxydeo m | Ліпа 
2 ! 
0 0 
[^ зїп(л— х) =зїпх] 


n/2 
= л | f(cosx)dr 


20. ©) r= Í [xz +cos?(x+3n)]dr 


Put x+m=1 


x 
17 [iP cos nat = 2] cos? iat 


Er 


[7 P is odd and соз? ris even function] 


eun 


(сов) 5+0 


Let a=k+ h where k isan integer such that 
and 0<һ<1 
=> [a]=k 


a 2 3 
^ Дато ода [оода 
1 1 2 


k kth 
A Ї (k—0/ Gd Ї Kf (x)de 
ka k 
-4/Q)-f(0)) + 21f3)-fQ)} + 30 (4) 
RACE + (61) UE -Ak- D + 
КОДЕ 1 h) — RE) 
-—f()-f)—f()........— f 0) (+) 
[aV (2)- LU) £2) /@)+... fal 
= [—À— 


cos.x +3 si 


БЭР НиЭЭНЭГ 
We know that 
| совесхх = log | (tan.x/2)|+ С 


Sl oun (Xo 
I= gor (3 zje 
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Mathematics 


23. (c) Given that refert where 
x 


ely 


о) News 
^ ана 


> Ho- freta ы logt y 0) 


ЦЭ uu 
m 


Let [= Ї 67 


Nom > а= 
1 г 


when t=1 > land when f= l/e 


sji logz -&) [+ logi -0] 
(z+)\ z 


e logz 
=] рё 


ыў logt b 


las) 


(By property [^ f(nar= |? fode] 
Now from eqn. (1) 


_ pelogt , pe loge 
том тын mn” 
-[itberrber y NUM 
1o dI) ЕТЕ] 
> ңе 9-1 шэг 
= 1 
Let log t=x ^ -4= 
t 


[when /= 1,x=0 and when = 


24. 


26. 


@ 


b 


© 


51 
„дә рев но В 


lo 


т 
= зес!х-вес!/2 = > 


л л 
= зе!х—— == = вес!х=—+— 
2 4 
1 3 
=> sely- 27 5 хес =зес|л--— 
> х= -5ес— х= 4/2 


We know that Pago є(0,1) 


gi x 


ok 
= on хе (0,1) 


Also ToS forxe(0, 1) 
1 

ESE ge < Fave [s] -2 
5 2 


1 

[ 

0 

1 
[Ears 

y j sin xdr 


sin 5") 
4 


Let voter = dx=dt 
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Integrals M-163 
“9, їе gf овна) айна, ethan 
= 1=¥2|——~a o l+tan? 
sint РҮ 
„нче 1-81 1о8(141ал0)40 .-i) 
sin t 0 
= cot r)dt = t ^ log |sin 1| * c, а а 
Бн са Applying [Лов = | /(аг-хуйс 
Sc uso ls ( z) : D D 
= x——- 10р |іп | x — |+ 
4 4 
ээн 2 хань 21202 
4 о 
* aa 
27. © тате fo [cot x] dx х) ИЧ ий» ient fuo 
" E [^ 1+tan@ 
= | сөц-хэ de = fo [cota] de 420) E 
Adding eq? s (1) & (2), 25 | 10 
We get ы 1+tan@ 
a= Г ([cotx]+[- cot x] ах = [log 2—log(1+tan 0))40 
л D 
= Ddr ms ола 
Eeit], if хег and 54 ) тав па! log(1+tan 0) 40. 
=0, Их e 2] a 
-Гэр--х э1--2 1=8.(log2)[xIf/*-8 | log(1+ tan Odo 
28. (а) р(х) = p(l-x) x р 
= р(х) = -р(1-х)+е =8. 1082-7 [From equation (i)] 
e P = 21-2212 
р(0)=—р(1)+с => 42=с rA 
.1=л1ов2 
Now, р(х)=—р(1—х)+42 зо. o” g 
= px)*pü-x-42 poe "T 
1 Ї шагнан is[x] 
Let 1= [рода d) ° 1 
0 42 15 
f = [0а | xde+ | хас 
= I= pl-xdr Gi) -) ! ! 
0 
Adding сап. (i) and (ii), 
1 
шин =1=21 
-1(2-1) (225-2) = 16025 
810801 2 2 
санж | ов@+) a ЭЭР 
lex 452123 
0 
Putx= tan 0, сэг. 


7 dx= sec? 040 
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Mathematics 


a. @ | 


5tanx а=] 


tanx—2 


cosx 


8388, ааг a 


cosx вїпх—2со$х. 
Ssinxdy 


sinx-2cosx 
sinx - 2cosx)- 2(cosx -2sinx) 


Е! (sinx 2созх) 


базе 2 
ajaz estar мах, 


Sx sina 


=h+ 
where 2 
UI and 1,-2 


Let sin x -2cos x— t 
=> (cosx-2sinx) dx - dt 


sinx—2cosx 


jt =2шг+С 

2 In (sin x-2cos x) + C 
Hence, 
15415 = [ах+21(зїпх =2созх)+с 
=x+2In|(sinx—2cos.x)|+ k —a-2 
m 


b, o) g(xex)-. | созда 


0 
ліх 


= [совага + | cosdedr 
0 


х 
р 
=g(x) efra 


(itis clear from graph of cos 40) 
D 


! cost dt = jen а 


095 в) (0) a(n) 
(From graph ofcos 4t, g (л) =0) 


Г sinx -2совх)+(4вїпх + 2сох) | 


cosx+2sinx 
[== 


-1 tyi) – | wodr 
3 


z pe ven-s va] 


14 2 
- FL EET 


E. 
M Р d. T 
=| 


лбу 


"Г.Лапх dx 
Cole Jun 
Also, given 
-1 ? Jian x dx 
NENTES 


Byadding (1) and (2), we get 


EU! 


„@ 


аз 
21- ја 
zi 

11л m л 

> 1-4|1-2|-2, 

33 H 12 


Statement-1 is false 
р , 
1/сдас-| /(а+5-х)ах 


It is fundamental property. 
Statement -2 is true. 


Since, у= Га, хек 
0° 


& 
therefore & 
33. © Let f одак ya) d 


Let 1= Ї (373 But from уг-2х, 
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Integrals M-165 
=> |х|=2 = х=+2 
1 38. (b) 
intsy- || )4 22 
pons, ÍH М 
Equation of tangent is => 4x7 dx = dy 
y-2-2x-2)ory* 2-262) cha 
=> x-intercept= == qx dy 
E 
Dey ar x dy 
36. (0 1100-1) dx 4 Say 
= Je" Р Г.хайжуу an 
Л 
(x441) 
= xe =--> +C 
x 
H log 
39. (a) [= [ee rix 
i 3 logx? +log(36-12x x?) 
= хе *-[ + дорх? 
1= —22— 


тэхё 540 


л 
37. (b Let/= Ї 1+4sin? oss sa 
° 


13 


= -Í 20 (за2-| 


logx? ^log(6- x)? 


4 2 
i log(6—x)? 

5 log(6—x)? +logx? 
Adding (i) and (ii) 


4 
a=fdx =[x}} 
2 


Ail) 
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м-166 
4. © 
4. © 


43. 


This gives, 


2(х7 +x? +1)? 


oi) 


1+ соѕх 


© 


NI 


3x 
E 
| 
т 
H 
Зл 
үү 
! 
т 
4 


b b 
Using IBS - [fta b-x) dx 


a a 
Adding (i) and (ii) 


1=- (сог х) = 


tan" xdx,n >1 
4* lg 
=f (tant x+tan® x)dx =ftan* xsec? xdx 


Lettanx =t 
= sec? x dx=dt 


45. b) 


sin? xe 


E SE AEE E PEN 
x+cos? x)(sin? x +соѕ x 


cos? х 


"barred D 
„үле x-see? x 


(l+ tan3x 
Now, put (1 + tan’x)= t 
3 tan^x sec^x dx = dt 


(sin? x «cos? х 


dx 


1-45- 158 „> ЖН 
3t 3(1+ tan? х) 


E! 


Using. f f(x)dx =f f(a +b - x)dx, we get: 
а а 
sin? x 
i [ — dx 
ECTS 
Adding (i) and (ii), we get; 
n2 
21- | sin? x dx 


-л/2 


di) 


x/2 m 
= 21=2. | sin? x dx 
E 


2122x512 
4 4 


х 
1- | совх de 


gra 
=F] cos x+ cos3x)dx 


D 
[> cos 30 = 4cos! 0 — 3cos Ө] 
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2 
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46. (c, d) Consider the given integral a 
—I--Xtnx)? +C 
I= x 3 
sin? хас 
i= —— 
8 ! sinx--cosx A) 
Use the property 
as dr а „ а 
E! cosi? -1) f годах EM уба x)dx 
EXSIE (=) de, ms B xdg 
* MEI Eo 
Now let Adding equations (1) and (2), we get 
12 
7 2 i. 
1- рапа =In|seer|+C u= | (1-1нсө)к 
or 1= е 49: c КЕ 
= 1= = Pr 0052х -1--- 


47. (d) Since, function f(x) have local extreem points 


+0, 1. Then 
К(х+1)х(х—1) 


=/(0)=C 


( 2) 
v fe)-f(0) > Kr] -0 


48. (а) 


2m 
21-[2 3 


0 4 
1 
(a+b) 


b 
[AA+ fece Dude 6) 


xoatb-x 
1 b 
darent а 
+ f(a+b+1-x)]dr 
b 
iru (ab — Lf (x 1) f G))de 


(ii) 
[^ putx 2x Lin fla b+ 1-x)=fx)] 
Add (i) and (ii) 


b 
= [рож foo 


а 


b Й 
21-| /(х+1)ах+| /(х)& 
а 


а 


А b 
=[/а+ь+1-х)йх+| fode 
"oa 9 
21-2 | (хуйх 
"mi 
х | fena 


[e Putx—x+1] 
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Integrals 


Tf y= f(x) makes +уе intercept of2 and 0 unit on 

xand y axes and encloses an area of 3/4 square 
2 

unit with the axes then [x/"(x)dvis [20021 
0 

(a) 32 (b) 1 

(c) 54 (d) -3/4 

The area bounded by the curves y — Inx, 

y-Inbiy-|inx|andy-|Injy|is — [2002] 

(a) 4sq. units (b) 6 sq. units 

(c) 10sq. units (d) none of these 

The area of the region bounded by the curves 


12003] 


|х| and y =3-|x] is 


(8) 6 sq. units (b) 2 sq. units 
(c) 3 sq units (d) 4 sq. units. 
The area of the region bounded by the curves 


учх-2|х-1,х-3 and the x-axis is [2004] 
(a) 4 (b) 2 
(©) 3 @ 1 


The area enclosed between the curve у = 
log, (х+е) and the coordinate axes is [2005] 
@) 1 (b) 2 
© 3 (d) 4 


Theparabolas y? = 4x and x^ =4y divide the 
square region bounded by the lines x —4, y —4 
and the coordinate axes. If Sj, 5, S} are 
respectively the areas of these parts numbered 
from top to bottom; then S; : 52: S; is [2005] 


10. 


@ 1:2:1 (b) 1:2:3 
© 2:1:2 @ 1 


Let f (x) be a non — negative continuous function 
such that the arca bounded by the curve y = f(x). 


B. а а theordinates x= n andx=B > Е is 
(sin Зове чав) Then (3 12005] 
(a) (£422) 


(c) (1-2-43) 


@ (- E 


The area enclosed between the curves y? = x 


and y- |x is 12007] 
(a) 1% (b) 1з 
(с) 23 (d) 1 


The arca of the plane region bounded by the 
curves x + 2j? - 0 and x - 3)? = lis equal to 
12008] 


(a) (5) 


(o) (d) 


The area of the region bounded by the parabola 


wim win 
DI 


(v — 2 = x -1, the tangent of the parabola at 
the point (2, 3) and the x-axis is: [2009] 
(a) 6 (b) 9 
©) 12 (d) 3 
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11. The area bounded by the curves y = cos x and 
у = sin x between the ordinates x = 0 and 


E 2010 
х= Sis 12010] 
@ 4242 ©) 42-1 
© A241 @ 442-2 


12. The arca of the region enclosed by the curves 


1 


y=x.x=e,y=—and the positivex-axisis [2011] 


(а) 1 square unit (b) 


3 : 
5 square units 


@ 
13. The area bounded by the curves 


5 1 
(c) 7 square units > square unit 
12011 RS] 


= Ay anda? - 4y is: 


32 166 
@ F sa wits (b) ysa units 


8 
(c) 389 units. (d) 0 sq. units 


14. The area between the parabolas x? 


у and the straight line y=2is: [2012] 
10/2 
(a) 20/2 (b) 3 
2042 
© 57 (D 1042 


18. Thearea (in square units) bounded by the curves 
y= Jy s2y—x+3=0, x-axis, and lying in the 


first quadrant is : [2013] 
à) 9 (b) 36 

27 
© 18 oF 


16. The area of the region described by 


<land y ЯВ 


12014] 


M-169 


17. The area (in sq. units) ofthe region described by 


{(x, y): y! 2x and y2 4x - 1] is [2015] 
1з ЕД 

@ ы (5) 32 
L а) -- 

9 3 @ 


18. The area (іп sq. units) of the region (х, у): 
у? 22x and x2+y?<4x,x20, y20] is: 


12016] 
л_2/2 
(a) л “42 (b) LI m 
т "E 
© 3 (d) 774 


19. Thearea (in sq. units) ofthe region 


{к,у):х>0,х+у<3,х°<4уапду<1+/х | 


is: [2017] 
5 E 

(a) 2 (b) 12 
3 7 

© 2 Ф 3 


20. Let g(x) = cosx?, f(x) = x, and a, B (e <В) 
be the roots of the quadratic equation 
18x? — 97x + л? = 0. Then thearea (in sq. units) 
bounded by the curve y = (gof)(x) and the lines 


х= ax fand y-0,is: 12018] 


(a) 105+) (b) 16-40) 


© 342-5 @ 205-0 


21. The area (in sq. units) bounded by the parabola 
y 7 х2 –1, the tangent at the point (2, 3) to it 


and the y-axis is: 12019] 
8 

@ 5 o3 
E 3 
56 14 

9 3 ау 14 

[2] 3 (d) 3 
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22. The area (in sq. units) ofthe region [2019] 23. The area of the region, enclosed by the circle 
x? y! = 2 which 18 not common to the region 


A= {(x,y): xX? SySx+2} is: bounded by the parabola у?= x and the straight 


10 9 line y— x, is: 12020] 
GT () 7 1 1 
3 Е (а) = (247-1) (b) = (61-1) 
6 3 
31 13 1 1 
© @ > © 5027-1) (9) 2-1) 


(9) | (а) | (4) | (4) | (а) | (4) | (d) | (3) | (d) (ау | (b) | (o) | (а) 


Кх) | can be obtained from the 
by drawing the mirror 
image of the portion of the graph below x-axis, 
with respect to x 
Hence the bounded area is as shown by 
combined all figure. 


1,4) Giventhat | f(x)dx 
о 


-axis. 


| улсуась af fae -[ 1323 
0 0 0 


y 
9р3 3 тх 
Ах 00 -2-2/0)-2 
x 
-0-3 e r)-9)--3, 
4 4 y- In cx) у= х 


2. (а) Separate graph of cach curve 


1 
y-inx, y-tnix| Requiredarea — a[Ctm )dx 
0 
i " 
aD x x =-4[х /n x х] =4 sq. units 
3. (d) Intersection point ofy —x — 1 and y x 
xt Landy-3 +xis 
y=|én x y-itn [х|| 


х 
(10) (-1,0) 
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Applications of Integrals 
put х+е 2 => dx= dt alsowhenx-1—e, 
t= land whenx=0,t=e 


0 
A= Ї {G+x)- (x +1)}dr+ 


E fos. tdt =[rlog. £1] 
1 


1 2 

[{G-9-Cr+D} de+f{G-2)-Cr-D} ae хов 

0 1 Hence the required area is 1 square unit. 
On solving, we get intersection points of 


x? 2 4y and у? = 4х are (0,0) and (4, 4). 


- eee fats fa- 2х)ах 
E 0 

БЭР ыр аа] 
=0~(-2+1)+(2-0)+(8-4)-(4-1) 


-142-4-3-4 sq. units 


4 d Y 
(72-3) у=х-2) 
0 1 2 3 
Required Area 
3 4 
А=2[(х-2у& 
0 
-8 
4 8 16 
5 (a) Я 
7 @ mapag ion 
Falog.(x+e) 
| Sods sin p F cosp+ В 


п/4 
Differentiating w. r . t D, we get 


f(B)— В cosp tsin sip "A 


нет) 
Required area Д) во (1-2) +2 
б 0 2 43 4 
а= [on | log God 8. (а) Itisclearfrom the figure, area lies between 
A y=xandy=x 
Intersection point y=x and у? = x is (1, 1) 


ге 
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3/2 x ! I 
=j- хах = [se Bi 


2 2 BC4,0)|0 — С(5,0) 
=al 1-351 ! 


9. (d) Оїнеох-2у =0= у = For slope of tangents at (2, 3) 


x 
2 
(y-2)-x-1 


and x4 


2 1 
12 y! 2 -L(x-1 
3 3€ ) 


On solving these two equations we get the. 
points of intersection as (-2, 1), (-2, -1) 


Equation of tangent 


x-2) 


х-2у+4=0 
The given parabola is (у—2)?=х— 
vertex (1, 2) and it meets x 
Then required area = Ar ABOA + Ar (OCPD) 
—Ar (AAPD) 


1 3 1 
y-=x2 
5 4x24 fob х2х1 


3 
-34| у-27-14 


(2-2) 


->| 


E яНЫН = 36-9 sq. units 
3 3 
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13. (b) 


Area above x-axis = Area below x-axis 


2. Required area 


m4 x a2 
=2| | (cosx-sinx)dr+ | sinxde— | совхдс 
0 za za 


-2 


| 
4 
| 


: хиа т 7 
(зїп x+ cos x) ^ +(—совх)т = (sin у] 


шаг Агт 


=2 


2 у 


=2[/2+у/2-1]=4/2-2 
12. (b) Area of required region AOCBO 


манн] 


1 е 1 
1 к^ 
=|х& ta I] Іов х] 
I age к-15 | + Повл) 
3 А 
=5+1=5 sq. units 


у х=е 


А sk) 15. (а) 
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E solving both we get y = 1,3 17. (b) Required area 


Reuiredarea= азза Е | Yayo | тэ 
D 


| ‘J 
2 y 1 1 
Fh - g A 1r 
j 4| 2 2| 3 
апа у? = 1—х -1/2 -1/2 


16. (c) Given curves are x2 +)? 
Intersecting points are x —0, 1 


3| 9 15 9 27 9 
48 32 48 96 32 


18. 
1 1 
Points of intersection of the two curves 
1 are (0, 0), (2,2) and (2, 2 
Arca = Area (OPAB) — area under parabola 
(0102) 
Area of shaded portion is the required area. ozxQy 1 8 
So. Required Area = Area of semi-circle -ТЭГ--|У ах 28 
+ Area bounded by parabola 
19. (а) 


1 
5 ШЕЕ; 


1 
= 2 2| Мх de (+; radiusofcircle- 1) 
0 


00| ao со 


Applications of Integrals WWW.JEEBOOKS.IN M-175 


Area of shaded region 


3 
2 P 
+з], 310+ yl, 


1 2 22 
= [a ioa [ахах – [ах 
1 А 0 E i-es] - 3l? -o] 


239 
4 
412 


22. 
20. (d) Here, 18x? 9nx +72=0 
=> (3х-л)(бх-л)=0 
= a=4,p=% 
Also, gof(x) = cosx 
D 
amas Pa 
6 2 
21. (a) -1 
Required area is equal to the area under the 
curves у> х?апду<х+2 
" 2 
2 requried area. | (1 235) 
2 
2 
23. (d) Total area — enclosed area between line and 
ver parabola 
dx 
(9) 
EA х 
> Лаоз 
Equation of tangent at (2, 3) 
(y-3)-46-2) 
>y 
77 The tangent cuts Y-axis at (0, —5) 
2. Required area 
(3 3 
= | (> yu , 7 12л-1 
= GJ rsa Í mr " 


-5 EI 6 
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Differential 
Equations 


(24) 


The order and degree of the differential 


2/3 З 
uation (134) =4—Sare (2002 
eq a qose (20021 


2 
@ (0.3) (b) 6,1) 
© (3,3) @ 0.2) 
: _ dy G 
The solution of the equation = =e 
12002] 
e 
(a) 4 (b) +сх+а 
т _, 
© iota @ оле“ ева 


The degree and order of the differential 
equation of the family of all parabolas whose 
axis is.x - axis, are respectively. 

(а) 23 (b 21 — [2003] 
© 12 (d) 32 

The solution of the differential equation 


.is [2003] 


@+ 52) (x - ctm" 


(a) MI y 


(b) (x-2)- дег" 
(с) эхее! y ELE 


[e Усаар y+k 


)2 


The differential equation for the family of circle 


x? +y? -2ay- 0, where a is an arbitrary 


constant is 12004] 


(а) (х?+у?)у' 


2xy 
O) 2G? + y?)y! = ay 


(с) (x? -y?)p" = 25у 


(4) Wx? -y?y = 

Solution of the differential equation 

de (c х y)dy =0 is [2004] 

(a) logy=Cx œ -L+togy=c 
y 


@ L+togy=c 
A function y= f(x) has a second order 


derivative f "(x)= 6(x —1). If its graph passes 
through the point (2,1) and at that point the 
tangent to the graph is y = 3x — 5, then the 


function is 12004] 
(а) (x41? (Ы) (х1)? 
© Gen (d) (x-1? 


The differential equation representing the family 


=2c(x+Ve), where c > 0, is a 


parameter, is of order and degree as follows : 
12005] 


of curves 


Differential Equations 


14. 
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(a) order 1, degree 2 
(c) order 1, degree 3 
их D 

d 
of the equation is 


(b) order 1, degree 1 
(d) order2, degree2 


"(log y — log x + 1), then the solution 


[2005] 


@ oe) зєх (Ы) xlog (2) xu 


Fy) oe сы |e 
© (2) -c o (d) (2) су 
The differential equation whose solution is 


Ax? + By? =1 where A and B are arbitrary 


constants is of [2006] 
(a) second order and second degree 

(b) first order and second degree. 

(c) first order and first degree 

(d) second order and first degree 

The differential equation ofall circles passing 
through the origin and having their centres on 


the x-axis is 12007] 


The solution of the differential equation 


2 — X* Y. satisfying the condition y(1) =1 is 
yx 


12008] 


(a) у=шх+х 
(x-1) 


(с) y—xe (d) y=xInxtx 
The differential equation which represents the 


family of curves у = ce®?, where c, and с, 


are arbitrary constants, is 12009] 
(a) у 
© ю”-077 
Solution ofthe differential equation 


cosxdy = y(sinx— у)х, 0< 2 is[2010] 


есх+с 


(a) yseex=tanx+e (b) ytan. 


(c) їапх=(зесх+с)у (d) seex=(tanxte)y 


16. 


17. 


18. 


19, 


м-177 


\+3> 0 and y (0) 7 2, then y (In2) is 
12011] 


(5) 13 
@) 7 


() -2 
Let I be the purchase value of an equipment and 
V (0) be the value after it has been used for / 
years. The value г) depreciates at a rate given 


40) 


by differential equation -Kk(T -0, 


dt 
where k> 0 is a constantand Tis the total life in 
years of the equipment. Then the scrap value 


VAT) ofthe equipment is [2011] 
‚т? етү. 
в а e) 1-72 
ЕЧ 
(c) ef @ r-i 
k 


Thecurve that passes through the point (2, 3), 
and has the property that the segment of any 
tangent to it lying between the coordinate axes 
is bisected by the point of contact is given by : 

[201185] 
si 


(а) 2y (b) 


oases (Jj 
Consider the differential equation. [2011 RS] 


25) 


уд x-— 


Л 


2 


dy = 0. Ify (1) = 1, then x is 


given Бу: 


@ 4- 


у е К 
The population p (0) at time 1 of a certain mouse 


p(t) 


species satisfies the differential equation 277^ 
It 


=0.5 p(t) —450. If p (0) = 850, then the time at 
which the population becomes zero is: [2012] 
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@) zn (Ы) n9 25. Let у= у(х) be the solution ofthe differential 
(© 2918 une equation айх О вусик dx cie Qj) 
20. At present, a firm is manufacturing 2000 items. dx 
It is estimated that the rate of change of л лу. 
production Р w.r.t. additional number of workers (2) =0, then x3) isequal to: [2018] 
ар 
xis given by — = 100 — 12/2. If the firm -8 2 82 
ү ш ла à) -že 
employs 25 more workers, then the new level 943 9 
of production of items is 12013] diu 4 3 
(а) 2500 (b) 3000 © --7 @ тыл 
(c) 3500 (d) 4500 9 943 
21. Let the population of rabbits surviving at time 26. 1f = у(х) is the solution of the differential 
t be governed by the differential " 
dp(t) 1 equation, X——-2y — x satisfying у(1) 
equation PO =F (1) 20040 p(0) = 100, dx 
nd 1 
then p(t) equals: [2014] then (3) is equal to: 12019] 
(a) 600—500 e"? (b) 400—300 e? Ы | 
(c) 400-300 e"? (d) 300-200 e? G di 
22. Let y(x) be the solution of the differential b p 
d 224 = 
equation (ховх) у= 2x log x, (x 21). © is @ И 
Then y (е) is equal to: pois 27. 
@) 2 (b) 2e 
(c) e (d) 0 
23. Ifa curve y = f(x) passes through the point 
(1, -1) and satisfies the differential equation, 
tosta | > | амлан 
5 x03 
2 4 Q у= L4 
@ = e = Or tua 
2 28. If y = y(x) is the solution of the differential 
©су ® -7 ( | 
equation, е" 7 = e'such that (0) = 0, 
24. 102+ say +(y+1) cosx=Oand y(0)= 1, d d 
х 


then (2) is equal to: [2017] 
4 ЭР 

Q 3 € 34 
4 1 

[ -4 @ -5 


) 


(b) | (b) 


Answer Key 


po ja | 4|s]|e]|7]|s]|e» | 10 faa J| [m | 
(c) 


then у(1) is equal to: [2020] 


(а) 1+log,2 (b 2+log,2 


(d) 


€) | (d) | (а) | @ | € 


(d) 


22 


24 
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cC Solutions 
(ауу (дау) 2,2 
1. © [19372] =| ij x+y’ 
dà dx ) 
ids ШЕЛ = (x? +у?)уу'-2ху-2у?у'=0 
719352) 71973) (yn 
Order 3, degree 3 6 0) ydek(xx^y)dy20 
" у S ND 5 S4 хаз 
[7] son integration di Py 
It is Bernoulli form. Divide by x? 
Again integrate we get у= EF. wu 
E vx He 
3 © у?-44(х-0), 5 : 
Differentiating 2yyj = 4a — yy put x! 
Again differentiating, we get 
ээд Жууул0 
Degree = 1, order=2. 
4 © (1+) 


а 
w 2 

dy (ey) (y) 
Itis form of linear differential equation. 


7.0) Given "(x)= 6(x-1). 
Inegrating both sides, we get 
/'(х)=3х?-6х+с 


Slope of tangent у= 3х 5 be 3 
Slope of tangent of f(x) at (2, 1) 


= /'@)=с=3 
л f(x) = 3x? — 6x43 =3(x-1)? 
Inegrating again both sides, we get 
Ло) = (х-1) «D 

The curve passes through (2, 1) 


3 эї-0-17-0-0-0 
2 ap re 
үл y х= (х-1у 


Putting їп (1) we get, 


10. 
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Mathematics 


© 


@ 


у? =2e(x e Me) On differentiating w.r.t x, we get 


Differentite it wr. tox 2242. S 429-05 g--[ x+ ) 

А i dk Ук. 
2с1ог уу'=с Puttingin O 

[On putting value of from (i) in 0) d | 3; 

э у? =2yy' (x+ yy) aor (599) 0 

On simplifying, we get 

(y= 2p? -4уу? 


Hence equation (i 
degree 3. 


) is of order 1 and 


хау 


y Пову logx-- 1) 12. @ 


+ ю (2) 2 


Putting у= vx and 


у=ух 
у+® ay ye Ж эон уяу uu 
a. EN lv dx 
d vx pev -|2-|Ф 
TM dv а х 
си = Fes эу=шх+с=зу=хїпх+ех 
Put logv=z Азу(1)=1 
| 212 ©. €= 1 So solution is у= х Inx+x 
ik pd 
{dvs de =f Ё Ї : 13. (с) Wehave у= се? 
Inz=Inx+Ine Differentiate it w.r. tox 
=cx or logv-cx or log М =сх. > у= асе 
x 


Ax? +Ву? 21 И > сэ Differentiate it w.r. tox 
Differentiate wr. tox 
Ах + By dy 20 (i) 


he 
Again differentiate wr. tox 


y ze ) =0 шар 14 
а? &. 
From (ii) and (iii) 
Ai) 

Dividing both sides by -B, we get 

dy (27 -2-0 р 

dx. dx Putting in (i) 
Therefore order 2 and degree 1. di 
General equation of circles passing through cU Pans авс 


origin and having their centres on the x-axis 


dt 
= + (tan x) = scc x 
dx 


Ai) 


Differential Equations 


15. @ 
16. (a) 
17. b) 
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Solution : tseex [зесхзес хах 


1 
= —seex=tanxte 


= (п]у+ї|=х+с 
Given y (0)=2, ~. /n52c 
=> fnly+3)=x4/n5 


Putx — (п 2, then /n |v- 3| = /n2 + /n5 
=> (nly +3|=¢n10 
= y+3=410 = y=7,-13 


dV(t) 
dt 
=> jaro - ifa -oa 


y) - E79, 


TA 
1-с 
2 
Т? 
Seer 


SViN= nie -UTY 


PEN. ^ A 
vae 18,07 -27) 


Equation of tangent at P 
dy 
ү EE... 
Л pi x) 


p Ko yaya 


M-181 


X intercept -х- 


Y-intercept = 


dx 
Since Pis mid-point of A and B 


: x 
Since the above line passes through the 
point (2, 3). 


is the required equation. 


Itis linear differential eqn. 


[yet 
LF.=e Y 
So te? 
-1 
Tests ету 
y 
1 
=> zd=d 


y 
э 1--|Ма-2-2 
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19. (a) Given differential equation is 21. () Given differential equation is 
dp(t 
ФО) - osp (o) aso 20. 10) 200 
а 
By separating ће variable, we get 
> 200) dp) 450 i RET 5 
p dp(t)= 1ра-эн| 
3 dpi) p(t)-900 РФ Ё 
ЁЛ 2 = > a HA) og 
> so = -[900- p(1)] 200-200 
й e Qo Integrate a нэ the sides, 
900-p(t) [T5 —- [ar 
Integrate both the side, we get 3200—20 
ар) | 1 dot 
526005) LZ Let 5 p(0)- 200 = 229.4 
Let900 -p (0-1 PET 
=> —dp(t)=du E WE —3 pi) EIE 
= 0-20) 
[®- jit 2mu ie 0) Ё 
= 2in[900-p()] - tc сэ EE 
Given 1-0, p (0) - 850 HEMOS 
2in(50)7c = ogs= re 
Putting in (i) | 200) =1+ 
4 (2520) : 
н = POs =6% 
=> 900-p(t)=50e? Using given condition p(t) = 400 — 300 е2 
B . dy 1 
=> p(t)=900-50e2 22. @) онь (тах) 
letp()-0 1 
Ч LF.= oes 


0=900-50e? .. 1, -2In18 
= eloglloex) ору 


20. (c) Given, Rate of change is Z = 100-12 y.logx = [2logxdx +e 


ylogx =2[x log x—x] -c 


= dP-(100- 124/5 de Putx=1,y.0=-2+e 
By integrating c-2 

Putx=e 
fap = [|@оо-12/х)уах y loge = 2e(log e- 1) Ес 
=100х—832+С X9-ec2 
Given when х= 0 then P =2000 23. (1 + xy)dx = xd: 
= C=2000 id ил A й 


Now when х= 25 then =xdx 
P=100x 25-8 х (25)3? +2000 x 
00 — 1000. -1 Ё = J xdx 


=> Р= 3500 
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Differential Equations 


d 
24. 0) Wehave (2+ sinx) {r +(Y+) cosx -0 


= Д-@+ыпхду+1) =0 


(2+5іп0)(1+1)=С 
= С=4 


эу тунах 


25. (b) Considerthe given differential equation 
sinxdy + ycosxdx =4xdx 
= d(ysinx)=4xdx 
0) 


EO 


sinx 


л 
^ eq. (2) passes through (59) 
-Eh 
5 


EC 2 
Now, put the value of C in (1) 


Then, ysinx = 2x? 


2 
Lan A 
cS is the solution 


ра 
PEE 
Solution of differential equation is: 


DELE 


x 
ex Lac E 
pc 0) 


Then, from equation (1) 
4 


yer 


(3) 1 49 
Xl 
2) 16 ^ 16 


ay 2 : 
27. (© 228955 and y(1)= 1 (given) 


Since, the above differential equation is the 
linear differential equation, then 


x 
Now, the solution of the linear differential 
equation. 


2 


ухх 2 


3 
хах > ух = 


1 3 
vy(21-1xl2 4C C-2— 
у@=1л1х!=т+С C74 


2. solution becomes 


28. (à Lete’=r 
"m 


Put x — 0, y — 0, then we get c= 1 
rid +1 

у=х+1ов(х +1) 

Putx-l 


*log2 


IN 
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Algebra 


If |à 4,8 = 2 and theangle between a and 


5 is n/6then (2х бу isequalto [2002] 
(a) 48 (b) 16 

> 
© a (d) none of these 


>>> 222 
Ifa, b.c arevectorssuch that [a b с]=4 


э эз эээ 


then [ax b. bx e. сха]= 12002] 
(a) 16 (b) 64 
(c) 4 (d) 8 


эээ DT 
If a,b,c arevectorssuch that a+ b+ c =0 


э > > 
and |аЕ7РЕ5,|с |=3then angle 


EM S 
between vector b and с is 

(a) 60° (b) 30 
(с) 457 (d) 90° 


If |àj- 5, | B |= 4, |ё |= 3thus what will be the 


12002] 


value of |a.b+bé+éa|, given that 


Oe x 


a+b+c=0 12002] 
(a) 25 (b) 50 
(с) 25 (d) -50 


If the vectors ё,й=хї+уў+:Ё and 5-7 


aresuch that d, € and b form a right handed 


system then © is: [2002] 
(a) 2 ъ б 
(с) (d) —zi xk 


10. 


5: 
a -3i-5j and p = 6f +37 are two vectors 


>. > > > 
and c isa vector such that c = ax b then 


m 
ja dd b Ee | 


12002] 
(а) J34:/45:439 (b) 4/34:445:39 
(c) 34:39:45 (d) 39:35:34 
0552552 222 
Ifaxb=bxe=cxa then a+ b+ c= 
12002] 
(a) abe (5) -1 
(c) 0 (d) 2 


Thesum oftwo forcesis 18 N and resultant whose 
direction isat right angles to the smaller force is 
12N. The magnitude of the two forces are [2002] 
(а) 13,5 (b) 12,6 
(с) 144 (d) 1,7 


A bead of weight wean slide on smooth circular 
wire in a vertical plane. The bead is attached 
by a light thread to the highest point of the 
wire and in equilibrium, the thread is taut and 
make an angle Ө with the vertical then tension 
of the thread and reaction of the wire on the 
bead are 


R=wtang 
R=w 

R-wsing 
К = weot 
Ї+2]+3Ё. 


12002] 


-j and w 
If л is a unit vector such that ij - 0 and 
is equal to 12003] 
(5) 0 
(d) 2. 


Vector Algebra 
п. 
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A particle acted on. by constant forces 
4i j-3kand зї + }—Ё is displaced from 


the point 12] 3k to the point si+4j+k. 


The total work done by the forces іѕ [2003] 


(а) SOunits (b) 20 units 
(c) 30units (d) 40units. 


The vectors AB = 37 +4 &AC - 5i 2j а 
are the sides ofa triangle ABC. The length of 
the median through A is 12003] 


(а) 4288 €) Jis 
© 2 @ 33 
2,5,6 are 3 vectors, such that @+5+é=0, 


„8 =26|=3, then 65452462 is 


equal to 12003] 
(а) 1 (b) 0 
© 7 (d) 7 


A tetrahedron has vertices at (0, 0, 0), A(1, 2, 1) 
BQ, 1, 3)andC(-1, 1, 2). Then the angle between 


the faces OAB and ABC will be 12003] 
o a(19 
@) 90 (b) cos (8) 
(с) «зл 7) (4) 30° 
а а axe 
If |b b? 1+4|=0 and vectors (1,а,а2), 


cc one 


(1,5, 5^ )and (1,c,c?) are non- coplanar, then 


the product abc equals 12003] 
(a) 0 (b) 2 
(c) -1 (d) 1 


Consider points, B, Cand D with position vectors 


and 


Ti -Aj E i - 6j 10k, -i-3)+4k 


5i — } + SÉ respectively, Then АВСО Ба [2003] 
(a) parallelogram but not a rhombus 


(b) squarc 


(c) rhombus (d) rectangle. 


17. 


18. 


20. 


21. 


If ui, vand w are three non- coplanar vectors, 
then( + v— w).(u —v)x(v— w)equals [2003] 
(5) 0 


(d) Шэхү 


(а) Эй 
(с) й(ўхй) 
A couple is of moment G and the force forming 


the couple is P . If P is turned through a 
right angle the moment of the couple thus 


formedis A . If instead ,the force р areturned 
through an angle æ , then the moment of couple 
becomes 12003] 


(a) Hsina-Goosa 
(b) Gsina —H cosa 
(c) Hsina+Gcosa 
(d) Gsina +H cosa. 
The resultant of forces P and 0 is R. го 
is doubled then R is doubled. Ifthe direction 


of 018 reversed,then R is again doubled. 


Then P? 2% 12003] 
(а) 2:3:1 (b) 3:1:1 
(c) 2:3:2 (d) 1:2:3. 


A body travels a distance s in t seconds. It starts 
from rest and ends at rest. In the first part of the 
journey, it moves with constant acceleration f 
and in the second part with constant retardation 
r. The value oft is given by [2003] 


pog 
(a) Е 4) 


2s 
© 74 (d) ү25(/ +r) 
for 
‘Two stones are projected from the top of a cliff h 
metres high, with the same speed и, soastohit the 
ground at the same spot. If one of the stones is 
projected horizontally and the other is projected 
horizontally and the other is projected at un angle 
Ө to the horizontal then tan Ө equals [2003] 


©) 4141 
for 


м-186 


22. 


23. 


24. 


25. 
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Mathematics 
; 26. A particle is acted upon by constant forces 
@ "үш ® үш 4ї+}-3Ё and 3Ї + ] E. which displace it 
from a point 7+27+3k to the point 
u on |. ИРЕ 
(e) ef (d) af 5Ї+4]+Ё. The work done in standard units 
Two particles start simultaneously from the by the forces is given by 12004] 
same point and move along two straight lines, @ 15 Ы а 
шон кары (с) 25 (d) 40 
one with uniform velocity i and the other from 2 
5 27. 12, b, č arenon-coplanar vectors and Lisa real 
rest with uniform acceleration / . Let a be the А 
angle between their directions of motion. The number, then the vectors 7+ 25 +37, 2b +47 
relative velocity ofthe second particle w.rt. the and (2, -1 ве бїйэрїглаг г [2004] 
first is least after a time 12003] 
(а) novalue ofl 
в) nee (р) using (b) all except one value of | 
7 (с) allexcepttwo values of 1 
7 (d) all values ofl 
cosa : 
Qo == (d) usina 28. Let ту, be such that |z|-l, 
4 [%Е3. Ifthe projection y along z is equal 
The upper = th portion of a vertical pole to thatief along агана gu ap are 
5 perpendicular to each other then 
subtends an angle tan“! at a point in the 18 -7+ [equals 120041 
horizontal plane through its foot and at a @ м ©) ут 
distance 40 m from the foot. A possible height 
of the vertical pole is 12003] © уа (d) 2 
(8) 80m (b) 20m — T 
() 408 “бол. 29. Let a,b and z benon-zero vectors such that 
Let А and Ry respectively be the maximum (абе еа If q is the acute 
ranges up and down an inclined plane and R 3 
be the maximum range on the horizontal plane. angle between the vectors Б and 2, then 
Then Rj, А, №) are in [2003] sing equals [2004] 
(a) HP (b) AGP 
© AP (d GP ъ F 
Let a,b апіс be three non-zero vectors such i 
that no two of these are collinear. If the vector (4) 3 
ü*2b is collinear with c and б +32 is 30. — With two forces acting at point, the maximum 


collinear with а (I being some non-zero scalar) 


then а+2Б+6ё equals 12004] 
(a) 0 (0) А5 
(б) с (d) за 


affect is obtained when their resultant is 4N. If 
they act at right angles, then their resultant is 
3N. Then the forces are 12004] 


(a) (+) N and (2-38) 


Vector Algebra 


31. 


32. 


33. 
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(6) (24-43) and (2-43) N 34. 


© (14) N and 


" 


Шар 
(à) (2-2 and (2-42)х 


Ina right angle ААВС, Z4 =90° and sides a, 
b, care respectively, 5 cm, 4 cm and3 ст, Ifa 


force F has moments 0,9 and 16 in Nem. units 


respectively about vertices А, B and C, then 35. 


magnitude of F is [2004] 
(a) 9 (b 4 
© 5 (d) 3 


Three forces P,Q and Ё acting along /4, 1B 
and IC, where I is the incentre ofa A4BC are 


in equilibrium. Then P:Q:R is [2004] 


36. 


@) созес:созес®:совес C 
a) 5: 2: = 
5) sin :sinZ.sin C. 
(b) sin :sin>:sin> 

A B C 
(9 see ын 


A B 
2 соз М ' 
(d) соз :соз 7200872 


А paticle moves towards east from a point A to a. 
point B at the rate of 4 km/h and then towards 
north from B to Cat the rate of Skm/hr. 1748 = 12 
kmand ВС= 5 km, then its average speed for its 
journey from A to Cand resultant average velocity 
direct from A to Care respectively — [2004] 


а) Dim/h end "km/h 
9 9 
13 17 
— km/h and —km/h 
€) 7 4 
(c) Fim /h and imn 


(d) Тавь and LI 


31. 


38. 


1 
А velocity ausis resolved into two 


components along O4 and OB making angles 
30° and 45? respectively with the given velocity. 
Then the component along OB is 12004] 


(a) HIE (b) 468-0 mis 


1 /s 4| las 
© олт og 


If h and ty are the times of flight of two 
particles having the same initial velocity w 


and range R on the horizontal , then 1? 


equal to [2004] 
@) 1 (b) 4u? /g? 
(c) u?/2g (9) ug 


If C is the mid point of AB and P is any point 
outside AB, then 12005] 


(a) 
(b р + PB = РС 
(с) РА + РВ +2 


(d) РА + РВ + PC 


For any vector а , the value of 
(a xi)? (a x JY. (a xk)? is equal to 
O) а 


&) Заг 12005] 


() 2a° (d) 422 


Ifa ,Ь ‚с arenon coplanar vectors and 7. is 


areal number then 12005] 
[а +b) = [a b«c b] 
for 


(a) exactly one value of А. 
(b) no value of À 
(c) exactly three values of 2. 


(d 


exactly two values of 7. 


M-188 


39. 


40. 


41. 


42. 


43. 
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Let à 2 i-k, p xij \(1-х)Ё and 
c =yl эх +(1+х-у)Ё.Тһеп [abc] 
depends on 12005] 
(a) only y (b) onlyx 


(c) both xand y (d) neither x nor y 
ABC is a triangle. Forces Р, О, R acting 
along JA, IB, and IC respectively are in 


equilibrium, where I is the incentre of A ABC. 


Then Р: О: Ris 12005] 
(a) sin4:sinB:sinC 

E. ж. NG. 
шэг 


А В c 
(c) cos —:cos —:cos — 

2 2 2 
(d) cos A: cos B: cos С 
A particle is projected from а point O with velocity 
uatan angle of 60° with the horizontal. When itis 
movingina direction at rightangles toits direction 


at O, its velocity then is given by 12005] 
и u 
= b) — 
(a) 3 6), 
2и и 
© > (d — 
3 45 


А and B are two like parallel forces. A couple of 
moment Hlies inthe plane ofA and Band iscontained 
with them. The resultant ofA and B after combining 


is displaced through a distance 12005] 
2н 
e A-B e А+В 
H 
ws d 
© сих) © 7-8 


The resultant R of two forces acting on a 
particle is at right angles to one of them and its 
magnitude is one third of the other force. The 
ratio of larger force to smaller опеіѕ: [2005] 


(a) 2:1 (b) 3: 42 


© 3:2 (d) 3:22 


44. 


45. 


46. 


4T. 


ABC is a triangle, right angled at 4. The 
resultant of the forces acting along 48, BC 

А : 1 1 : 
with magnitudes — and — respectivel 
5 4p ас АА" 


is the force along AD , where D is ће foot of 
the perpendicular from A onto ВС. The 
magnitude of the resultant is 12006] 


2 2 ^ 
(a) АВ HAC (b) (ABX AC) 
(АВ)? (АС)? АВ+АС 
© LS (à + 
AB. AC AD 


If (пБ) с=п (с) where z, b and 7 
are any three vectors such that 7h #0, 


b.c +0 then d and с are 12006] 


(а) inclined at an angle or between them 


(b) inclined at an angle 223 between them 


(c) perpendicular 
(d) parallel 
The values of a, for which points A, B, C with 


position vectors 27-14, 7-37-58 and 


аі - 3] & respectively are the vertices ofa right 


angled triangle with C == are 12006] 
(a) 2andl (b) -2and-1 
© -2andl (d) 2and-1 


A particle has two velocities of equal magnitude 
inclined to each other at an angle 9. If one of 
them is halved, the angle between the other 
and the original resultant velocity is bisected 


by the new resultant. Then 0 is [2006] 
(a) 90° (b) 120° 
(с) 45° (а) 6° 


Vector Algebra 
48. 


49. 


52. 
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A body falling from rest under gravity passes a. 
certain point P. It was at a distance of 400 m 
from Р, 4s prior to passing through P. If 
g =10т/ s? , then the height above the point 
P from where the body began to fall is [2006] 

(а) 720m (b) 900m 

(с) 320m (4) 680m 

If à and Pare unit vectors and 0 is the acute 
angle between them, then 27 x35 is a unit 
vector for 12007] 

(а) no value of 0 

(b) exactly one value of Ө 

(c) exactly two values of Ө 

(d) more than two values of 0 


Let @=i+j+k,b=i-j+2k and 


Ё. If the vector ё lies in 


i+- 


the plane of Zand б, then x equals [2007] 
@ -4 (b) -2 

(c) 0 (d) 1. 

The resultant of two forces Pr; and Зл is a force of 
Tn. If the direction of Зу force were reversed, the 


resultant would be 4/19 п. The value of Pis 12007] 
(а) 3n (b) 4n 
(c) 5n (d) 6n. 
A particle just clears a wall of height b at a 
distance a and strikes the ground at a distance 
c from the point of projection. The angle of 


projection is 12007] 

@) tant) tan HEE 
а(с-а) а 

© ui. (d) 45. 


ac 
A body weighing 13 kg is suspended by two 
strings 5m and 12m long, their other ends being 
fastened tothe extremities ofa rod 13m long. If 
the rod be so held that the body hangs 
immediately below the middle point, then 
tensions in the strings are 12007] 
(a) Skgand12kg (b) Skgand 13kg 
(с) D2kgandl3kg | (d) SkgandSkg 


54. 


л 
m 


57. 


The non-zero vectors are й, b and 2 are 


related by à = 8b and с = -75 . Then the angle 


between gand g is 12008] 
т 

@) 0 (b) 4 

© T (d) p 


The projections of a vector on the three 
coordinate axis are 6, 3, 2 respectively. The 


direction cosines of the vector аге: [2009] 
6-32 6-32 

Ө oss 0) 77777 

@ $332 (d) 6,-3,2 
"VALE 


If П,0,00 are non-coplanar vectors and p, q 
are real numbers, then the equality 

Bü рӯ рё] - [pv póqui] -[26qy qii] - 0 
holds for : 12009] 
(a) exactly two values of (p, q) 

(b) more than two but not all values of (p, q) 
(c) all valuesof (p, 4) 

(d) exactly one value of (p, q) 


Let a 


i — j - Е Then the vector 


b satisfying ä x +ë = ба! 3is[2010] 
(а) 2-j+2k (b) i-j-2k 
(с) i«j-2k (d) -P«j-2k 


If the vectors д=ў—-]+2Ё. 8 


and б =} + + p are mutually orthogonal, 
then (0-9 = 12010] 
(a) (2,-3) 
(c) (3-2) 

"ERU Т 
ra= 270+) and 5 -ei). 
then the value of (2a -5)[(ax5)x(a +25) | 
is 12011] 
(a) 3 (b) 5 
(©) 3 (8) —5 
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The vectors @ and b are not perpendicular 
and ё and d are two vectors satisfying 
bxé=bxd and dd =0. Then the vector 


d is equal to [2011] 


61. 


62. 


63. 


64. 


Ifthe pj j£, i+qj+k and 


i+ jerk (р #д #т #1) vector are coplanar, 


then the value of pgr—(p+q-+r) is [201188] 
(a) 2 (b) 0 
© -1 (d) -2 


Let a,b, c be three non-zero vectors which 
are pairwise non-collinear. If a+3Ġ is collinear 


with € and 5+2 is collinear with 4, then 


a+3b+6c is: 1201165] 
@ а €) c 
© 6 (d) ate 


Let дапа Б be two unit vectors. Ifthe vectors 
@=a+2band d = 5й— 4f are perpendicular 
to each other, then the angle between й and 
bis: 12012] 


(a) (b) 


ola ela 
БЕКТЕ 


(с) 
Let ABCD be a parallelogram such that 
„АР = i and DBAD bean acute angle. 


If 7 is the vector that coincide with the altitude 
directed from the vertex B to the side AD, then 
7 is given by: [2012] 
3(pa) , 4 

р 


(d) 


@ reg- (o) дан 


Р. 
PP) P. 


(dr 3G 


65. 


66. 


67. 


68. 


69. 


If the vectors AB = 37-40 and AC 

= 5i - 2j +4 are the sides ofa triangle ABC, 

then the length ofthe median through A is 
12013] 


(а) Vis (b J72 
©) 433 @ Jas 


w[axb bxé exa]-A [abc] then 2 is 


equal to 12014] 
(a) 0 (b) 1 
©) 2 (d) 3 


Let a, band c be three non-zero vectors such 
that no two of them are collinear and 


ббс ШЫ lair а is the angle 


between vectors band c , then a value of sin q 


is: 12015] 
2 ES 

&) 3 &) 5 
242 -2 

(с) E (d) 3 


üx(bxZc) 
12016] 
(a) 


(o) 


vector such that |é-a|~= 3, [(@хЬ)х@ 


and the angle between с and ахЬ be 30°. 


3 


Then a.c is equal to: [2017] 
1 25 

@ & (b) 

(c) 2 (d) 5 
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70. Let и bea vector coplanar with the vectors 


b-jek. If u is © 8 


perpendicular to а and п.б = 24, then |u} is 


72. Let @=3i+j and f 


equal to: [2018] 
(а) 315 (b) 256 If B — B, =, where Bj is parallel to a and 
© 8 (d) 336 _ 2 _ < 
т. Let п=ї—}Б=1+]+Ё ай g be a vector б, is perpendicular to a, then fj xB) isequal 
"s ша to: 12019] 
such that йхё+Б=б and а. —4, then 
[гъ equal to: 12019] (а) -3i+9j+5k (b) зї-9]—5К 
lg ole 12 - 
19 139) 1037934 
в > © 9 (с) 2| 31--91--5К) (d) 28 91--5К) 


Answer Ke: 
@ | 9 | & | | €) | 09 | 0» «y | o|o (c) 
18 | 19 | 20 | 21 | 22 | 23 | 24 | 25 [26 | 27 | 28 | 29 | 30 | 


(е) | (©) (а) (d) | © | © 
34 37 41 | 42 


L @ Since, 2.2-|2 Hrs 2 @ [axb bxc сха] 
е о ази 
= (ах D). б) 
=4х2х з 40 
2 РР РУТЕ 
We know that, о а(х c) (a.c) b-(a.b) c 
(ax by +(a-bY -|a 28 =(ax b). [e oca) 


E 
=> (ax Ьу +48=16х4 


> эу 
> (ax b) =16 
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3-9 
4-0) 
5 @ 
6 (0 
7. © 


8. 


= 2|b || c |cos0 49-34-15; 
= 2x 5 x 3c050= 15; 


т 
= 00s 9 = 1/2; Ө=ү=60° 


+> + > 
Given that, a+ b+ c = 0 
-— 
=|a+b+ c P=0 
= ар нере 
+> 32 223 
+2(a-b+b-c+c-a)=0 
55 > э 
—2524164942(a-b- р.с+с:а)=0 9. 
ээ o> 22. 
= (a-b Bc c-d)e-25- 
Fa 020 22 
~ |a-b+b-c+c-a}25: 


Given that 2,2,5 form a right handed 
system, 


-% 


10. 


=39% = с 
` 
Also |a EV34,| B= 45, | с |=39; 
[a]? | с le 34:35:39 


Let à bc - P. Then 


G@x(G+b+é)=axF 


Similarly bxr-0 & @xF=0 
Above three conditions can be hold if and 


only if 7 — 0 


v āxb=ēxā] M. 


(а) Given that P+0=18 
We know that Р? + 02 + 2РО cos 


Qsina. 
Р+Осоза 


tan 90°= 


У 
= P+Qcosa=0 9) 
From (2) and (3), 
Q-P.- M4-(Q- PQ* P)- 144 
144 
осш. =з 


From (1), On solving, we get Q= 13, P=5 
(b) From figure ZTOW= 180—0; ZROW=20 ; 
ZROT= 180-0 


Applying Lami's theorem at Q. 
T. R _ wW 
sin20 sin(180-0)  sin(180—0) 
=> R-WandT-2Wcos0 
(а) Giventhat i. 2 0 and Vi =0 


= ñ isperpendicular both ij and v, 


üxV 
ШАЛ 
ү уок 
110 
1 -1 0 


v2x V2 
[®л| = |(+2/+3Е).(—Ю)| -1-3-3 
Ё +Ē =7i+2j-4k 
Positon Vector of B 5 
— Position Vector of A 


-4i«2j-2k 
W = Fd =28+4+8=40 unit 
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2 @ A la a? ql oF 
Slo y +o os 

зї+а 57-24 ect il е с 
lad 

B D с —(l*ab) b Ь?|=0 
Given that AD is median of AABC. lec 


Given that (1, а, 02), (1, b, b?) and (1, c, с?) 
are non-coplanar 


=4i- j+4k 


— la а? 
|AD|=Vio+16+ = 33 2 В ” 
<. JE b. 8?) #0 (given condition) 
13. (с) Giventhat 3 b«c — 1 сс) 
=> (@+b +2).(G+b +é)=0 А + abe=0= abe 


16. (none) Given that 
A= (14) B = (16,10), C = (71,—3.4) 
and D-(5,-1,5) 


. AB=\{ +(-4+6)? +(7-10) 


14. (b) Normal vector of the face OAB =V36+449 =7 

ЭЕ Similarly, BC = 7, СР = /41, DA- 4/17 

=OAxOB=|1 2 I|-5i-j-3k 2. None of the options is satisfied 
2153 17. (© (+) (й) (р) 

Normal vector of the face АВС m(üctv—w)Qixv—uxw—vyxvtvxw) 
D; -( ry -GXS-UxSa yx) 

=АВхАС=|1 -1 2-i-sj-3k [-9xv-0] 
L2 4 1 (хэ) ERO) EX V) 


(x S) + 9.8 x 18) GE) 
Angle between the faces = angle between 
their normals 


cos -| 2339 = 8 or o= cos 2) 
435,35| 35 35 
la а? Ita? 18. 


15. (е) Given |p $ 14+55/=0 
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19. © 
20. (a) 


пө 


Ё|созӨ 
х=||р|зї(Ө + о).....(3) 

From(1), (2) & 3). 

х= Goosa+Hsina- 

R? =P? +02 -2РОсов0 si) 
When О and А are doubled 

4R? -P'.49).4PQcos0 ...(2) 
When Q is reversed and R is doubled 
4R? = Р? +0? -2PQcoso —@) 


Adding (1) and (3), 5R? =2P? +20? 
=> 2P? 429? -5R (4) 
Applying (3)х2+(2), 128? =3P? +607 
=> 3Р2 +607 -12R? =0 5) 
From (4) and (5) 

Р? _ о? Р к? 
-24+30 24-15 12-6 
PO о? R? 


-Р2:02:82- 
өе?” лийн 
Let the body travels from А to B with 
constant acceleration t and from B to С 
with constant retardation r. 

х —i yn 

A Ч В [EN 
IfAB=x, BC=y, time taken from Ато B=, 
and time taken from B to С= t, thens-x 
yandt—f +t, 

For the motion from 4 to 8 


T ша кй 
veuf = 


2 


2 
v 
=> х 


and v=utfi = v=ft, 


v 


40) 


For the motion from B to C 


yg 28 


40) 


21. 


(а) 


апі v-utfiz 0= v-rt, 


> h = 
Adding equations (1) and (3), we get 


Given that the stone projected horizontally. 
For horizontal motion, 

Distance = speed х time=> R=ut 

and for vertical motion 


u 
12 
h-0xt«—gt^ 
b= Oxt+ 58 
2h 
t= |2 
Ei 
qu i 


We get R=u 2 (у 
8 


When the stone projected at an angle 0, 
for horizontal and vertical motions, we have 
m 


R—— 
R= ucos0xt (2) 
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> t= 
соо \ g 


a 


м-195 
and h=-w sin ren x). 
From eqns. (1) and (2) we get 
Ё and hence |v] is least at the time 
ucosa 
f 
23. © i 
Putting the value of f in eq (3) we get РД 
usind Dn 1 [| 25 h 
ооё Ng 25|zcos8 4 
g 2° goos ZB 1 
2h © 40m 
=u | — (ап0 /isec^ 0 3 
& 0-a+B.p- (| 
2h 2 
h=-u |— tan0 + tan 0-7 20— 
Ve or B=0-a 
tan – tana 
=  tanp-tan(0—a) = —————— 
1--tanO.tan a. 
LN 
Let the two velocities be ў =и7 and 3__40_160 
98 s 
35 =(frcosa)i+(fisina)] 40160 
: 12 —200һ +6400 =0 
=> h=40 or 160 metre 
. possible height — 40 metre 
24. (a) Let В bethe inclination ofthe plane to the 


Di 
Relative velocity of second with 
respect to first 


б=т -Ñ = (соза –и)і+ fisina 7 


2 2 


=(ficosa-u)? +( ftsina) 


y 


=? +u? -2ийсово. 
For || to be min and max. we should have 
a 
0252 


dt 
cosa. 


f 


-2uf cosa = 0 


horizontal and и be the velocity of 
projection of the projectile 


и 


We have gj = ——— — 
‘g(1+sinB) 


and = 
g(1-sinp) 


Adding above equations 


2 RiR. Ra arein HP. 
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26. 


27. 


28. 
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© 


Given that 2--25 is collinear with 2 and 
Б +3é iscollinear with & 


Let à 2b = and 5436 — х0, wheret 


and s are scalars 
n de2b66- 6-66 
=(+6)ё [using à- 25 — f£] 
БЭХЭЛНЭ 
Resultant of forces 
Fa4i+j-3k+3i+ 
Displacement 


д=зї+а4]+Ё-(1+2]+3Ё) 


-E-is2j-4k 


=4i+2j-2k 30. ©) 


^. Work done 2284448240 


If vectors à-- 25 30, A5 4C, and 
(2). —1)ё are coplanar then 

3 31. 
4 0 


1 
0 
0 2—1 


orn 


say 4 1 
=> (24-1) =0 2-035 
2. Forces are noncoplanar for all 2, except 


3240, 


Projection of along й 


projection of 5i along i 


Given vi = ў 
Alo.Pae-0 ps $lg] 


Now |0 - Vw 


= |P +P + wÈ 209-2084 2a 
=1+4+9+0 [From (1) and (2)] - 14. 


sü-sesw ia 


29. (а) Given that (4x b) xé HZ 


Mathematics 


Clearly д and б are non collinear 


э (а-аа 16а 


10 is acute angle between Ё and 2] 
Letforcesbe Pand Q.then P+O=4 ..(1) 


3 зай2) 
1) and (2), we get the forces 


4 


(22) N and (2-22) w 


and Р?+0 
Solving eqns. 


Since, the moment about А is zero, hence 
F passes through A. Taking А as origin. 
Let the line of action of force F be 
y = тх. (see figure) 


Moment about В = (1) 
MEL 
А В(3,0) 
У Е 
Moment about C= F = 16....(2) 


Dividing (1) by (2), we get 
ees Р\|=5М. 
4 


Let Zis incentre of AABC. 
~<. JA, IB, IC are bisectors of the angles 4, 
Вапа С. 
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È C la X r 
Now ZBIC = 0-7-3" 90 +3 etc. (i) 
Applying Lami’s theorem at / 
A 
2и cosa 
8 


Squaring and adding eqn. (i) and (ii), 


2,2 4? 
гарж = 


36. (а) PA+AP=0and PC+CP=0 
=> PA+dC+CP=0 


) sn( 90 +2 | Similarly, PB + BC +CP=0 (й) 
Adding eqn. (i) and (ii), we get 
cos”: cos С һы Acl 
Пл PA + PB + AC + BC +2CP -0. 
33. (d) Time taken by the particle in complete EAS E 
journey Sine AC --BC & CP--PC 


= PAs PB-2PC =0. 
Р 


A 12km B 37. 
2. Average speed = — 
and [ах 
i Adding all above equation 
34. Given у= пту, talong ОВ "DP 
6). Given v cms, component along ры 
___ysin30° 00 
511(45° 30°) зы 8 БИТИИ 798 
aE 38. b) Let а=а+аз)+аҝ 
35. (b) For same horizontal range the angles of B= іЫ 


т „ы ж ae 
projection must be aand 5-4 ё=сї+су]+суЁ 
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Given that 40. (c) Let [is incentre of A4BC. 
РЕ — 2. IA, IB, IC are bisectors of the angles A, 
[4a 5) x3 8 ›г]=[аВ+е Б] BandC 
: BC „А 
маза) May +b.) (05 +65) Now ZBIC - 180-7. = 90°+ 7 etc. 
2| 52 33, 125, Applying Lami theorem at] 
det hey hey 
a а а 
=|р+а bike bo 
h by by 
lay +, a+b, abs € 
4 Р " R 
Sh) h by by AN нү” a 
a € су Sin ын "E sn[w ©) 
A. B. © 
то га = P:0:R= соусов ics 
=Һ+а bte бус 4l. (d) As per question и cos 60° = v cos 30° 
h by 5 (as horizontal component of velocity 
Ri -> Ri Ra in Ust det remains the same) 
and Ry — Ry - Ry in 2nd det, 
ly а |а а а 
sith Ы=- а ос в 
ао ah | b b 
sites 
Hence À has no real values. 
39. (d) Given that 


42. (b) Let A and B be displaced by a distance x 
then Change in moment of (4 + B)=applied 
j+(l+x—y)k moments 


xi j -(1—xX€ and 


A+B) =H iu 
=>(A+B)xx=H>x WE 


43. (d) According to question F'=3F cos 
and F-3FsinO 
F 
ЗЕ, 


Hence | 5 2] is independent of x and y F 
юв. эк'=2/ЗЕ =F: Fl: 3:20]. 


Vector Algebra 
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(d) Ifwe consider unit vectors 7 and 7 inthe 


direction АВ and AC respectively and its 
Я 1 1 У 
magnitude ~y and -, respectively, 


then as per quesiton, forces along АВ and 
AC respectively are 


(45i ana (22) 


Their resultant along AD 


(5956) 


Magnitude of resultant is 


2 2 P 
“(55 “Gel ire 


[> AC? + АВ? = BC?] 


B 29 ac с „1 
AB AD ^ ABxAC AD 
2. The required magnitude of resultant 


1 
b FT 

comes 7. 
Given that (@xb) xc 2d x (b хс), 


ub 40,5. 


0 


=> (a.c).b -(b.c)a = (a.c).b -(a.b)c 


= (b)r-(bcy > alle. 


CA- (2-a) «2j; 

СВ = (1-a)i-6k 

[- ciL c] 

- СА-СВ=0 = (2-а)1-0)-0 
> a=2,1 


Let two velocities v and и at an angle Ө 
to each other the resultant is given by 


R?=u? + и? + 2и? соѕ9 = 2u? (1 + cos Ө) 


2.3 0 
= R? =4u? co 8/2 ог К= 21005 


Now іп second case, the new resultant 
AE (i.e., R’) bisects ZCAB , therefore 


using angle bisector theorem in AABC , 
we get 


AB. BE и u/2 


HB БЕ. WW а 
АС EC ^R ua К" 

Ө 

2i —- 

= шок 

29.1 5689-59-60 
= окутто? 27-60 
ог 0-120 


We know that л = pe 


and л+ 400 -140 +4? 
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49. (b 
50. 5 
51. © 


Subtracting, we get 400 = 8g-- 4gt 
= 1= 8 ѕес 
hel 10x64 =320т 
2. Required height = 320 +400 — 720 m 
Given that |207 x39|-1 and Ө is acute 


angle between 0 and р, |2|-1,|9|- 1 


> [20х301= 614119 1500|=1 
= 61810|=1 > sin =2 


Hence, there is exactly one value of Ө for 


which 2 x35 isa unit vector. 


Given @=i+j+k, b=i-7+2k and 


с=хї+(х-2)] 


Given that c lies in the planeof à and б, 
then à, Б and € are coplanar 


[abc] =0 


x (x-2) -1 
> I[I-26-2]- 1E 1-29] х-2431-0 
=> ]-2x-t4*142x £2x-2-0 

4-2 x--2 

Given that : Force P= Pn, Q=3n, resultant 


R=7n & Р=Рп, = C3, R'= 419 п 


Ё 
3 

We know that R? = P? + 02 + 2РО cosa. 
> (M=P+(3}+2xPx3 cos a 
= 49=P?+9+6Pcosa 

> 40 =P? + 6P cosa. i) 
and [ЛӘ] = Ph C3 «2P» -3 cosa 
19- P? - 9-6Pcosa. 

10-Р -6Рсова 4 (ii) 


=2p? 
5n. 


Adding (i) and (ii) 5 
> P=235> P 


(a) Let B be the top of the wall whose 


coordinates will be (a, b). Range (R)=e 
u, Bab) 


е n‘ 
B lies on the trajectory 


1 
y-xtang - —g =—— 
27 ц? cos? a 


=> b=atana 


=> b=atana [-2] 
A 


= b=atana. БЭ 
© 


bc 
a(c—a) 
The angle of projection, 
be 


a(c-a) 


=> taa= 


а =tan! 


Vector Algebra 
53. 


(а) 
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А Ww 


13kg 
InAABC 

w 13? =5?+ 12? => AB?-AC?e BC 
= ZACB-90* 

M is mid point of the hypotenuse 4B, 
therefore МА = MB = MC 

= ZA- ZACM =0 

Applying Lami’s theorem at C, we get 


T т 13kg 


sin(l80—0) sin(90+0) 5їп90° 
= T =13 зіп дапа T; = 13cos 0 
5 2 

T -13x— Т =13х = 

= Тр-13хүү and = 13х1= 


= T,-5kgandT,- 12ка 


Clearly @=—8 


c 


7 
= @||ё and are opposite in direction 


2 Angle between @ and @ is. 


Given that direction ratios are 6, — 3, 2 
Direction cosines are 


нм „ 5^ __ 
Yor +(-32 +22 fo? + (-3 
2 6 3 


- d.V. W аге non coplanar vectors 
[9 i] #0 
Now, [3%,p¥, pi] -[pi, piv, qi] 
- [25s qv, qu] =0 
= 3p v, w]- pa [v, 9, й] 
- 2P] s, $,d]-0 


59. 


@ 


= ap 7, раја, 9, v] 
+20 [u, 9, w] 
э Qp-pq*29) |а, v, #]=0 


=> 3р?-рд+24?=0 
C [ à, 9,59] 2 0) 


E 


=> р=0,4=0р=9/2 
This is possible only when p = 0, = 0 

There is exactly one value of (p, q). 
Given that. 


ха b. 
= (hi bie (i - 
where б = bi b; j bk 


c 


b-h-bz0 i) 
and à.b 232 (j - (bi bj bb) -3 
> b-h =3 


From equation (i) 
by = by +b; = b) by =3+ 2b; 

b =(3+2b;)Î Geb) bk 

From the option given, it is clear that b, 
equal to either 2 or -2 

If b, = 2 then 5 
not possible 

If by 2-2, then б 


Ї+5]+2Ё which is 


7-2 


Given that, 2,5 апі ë are mutually 
orthogonal 

ü.b-0, b.e 20, 2.a=0 
=> 2144-1-0 wi) 
7-1428-0 


Оп solving (i) and (ii), we get 2. 
2a -5у((@ хбух(8--25) 


-(28-6)(ахбуха«д(ахбух6) 
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м-202 
60. (с) 
61. @ 
> 
> 
ES 
62. (с) 
63. (с) 


" os- i 9 (8.5)8 | 2 by 
-2(b.byà 

= Qa- byb -0-0-2à) 

From given values we get 


G.b=Oand b.b=1 


--4а2- 
Given that 25-20, ad =0 
bxd 


Now, bxc = 


ә üx(bxc)-áx(bxd) 


э (ab)d = -(àz)b * (GbE 


The given vectors are coplanar then 


pil 


1 q d-0 


p(ar -3)Y1-7)1(1-4) 0 
pqr-p*l-r4l- 
par -(p*qr) 
As per question 


d) 
wwii) 


On solving equations (i) and (ii) 
(1+3p)a—(4+6)c=0 
As а and © are non collinear, 
130 =0 and }+6=0 
From (i), a+3b+6c =0 


Given that 2- G+2b and d - 52-46 


b 


66. (b 


Let ABCD bea parallelogram such that 
AB =, AD = рапа ZBAD be an acute 
angle. 

We have 


B 


^ - Y p 
Ta Jia) 


From triangle law 


Let 7=BX =BA+AX -- 


We have, 
AB + BC + CA -0— BC = AC - AB 
Let M be mid-point of BC 

AC-AB (_ 


Now, BM = 


B C 
Also, we have 


AB+BM+MA =0 
AC-AB 
Ч 


-[axb bxc сха 
507-1 


Vector Algebra 


67. 


68. 


69. 


70. 
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€) (@хЬ)хс- 


y 
gil 
a 
Z 
za 
+ 
Төп 
1 
1 


dl 
Su 

өт 
@ 
Ф 
5, 
2 
rn 
СН 
= 

i 


a,b,c are non collinear, the above 
equation is possible only when 


= = 500 = 22 ; 0e II quad 


[7] 
45. 
© 


=бәв-бсбе- 


On comparing both sides 


C NE: 
ин 


Г aandbareunit vectors] 


where 0 is the angle between a and b 


© Given: 


^ üxb-2i-2jek 
|ёхБ|Ї-422--22-12 


-3 
We have (їхБ)х 8-18х5 


|&| sin30n 
1 


E _ e - 
> (8хбух | -3/6|---э3-318| 


2 /é|=2 
Now |é-à| =3 
On squaring, we get 


449-2 


@ 21, а & b are coplanar 


м-203 


-04 41811168) =A 11:21:48). 


Also, üb-24 -7/-4 


й=-41+8)+16К 


7. @) [ахёр = арр 


72. © B-8, B. EU 
Since, B, is perpendicular to а. 
2. By. =0 


Since, B, is parallelto à . 


then б, =2ā (say) 


y 
РЯ 
7 


1 
2 
& oo 
2 


Cross product with [| in equation (1) 


эх = хб, 


Е 7 -Х-9)» [y 


= 1-9 9/90] 


гай 


= 


WWW.JEEBOOKS.IN 


Three Dimensional 5. 


Geometry 


(26) 


A plane which passes through the point (3, 2, 0) 


and the line 3i оог) 
1 5 4 

8) x-y* (b) x*y*z-5 

(c) x*2y-z-1 (d) 2х-у+ 


The d.r. ofnormal to the plane through (1, 0, 0), 
(0, 1, 0) which makes an angle 7/4 with plane 


x*y-3are 12002] 
(a) 1,2,1 (b) 1,1, J2 
© 1,1,2 (d) 42,11 


The shortest distance from the plane 
12x +4у+3г = 327 to the sphere 
—6z- 15518 


xy ez +A) 12003] 


(а) 39 (b) 26 (c) us (d) 13. 


Thetwolinesx=ay+b,2=cy+dandx=dy+bz 
= c'y+d' will be perpendicular, ifand only if 


[2003] 
(a) aa! + bb! сс +1=0 
(b) aa’ + bb! + ec'=0 
© (а+а) (bb) He+e)=0 
(d) aa’ сс +1=0. 
12003] 


-k 
are coplanar if 


(b) К-0ог-1 
(d) k-00r-3. 


(a) К-Зог-2 
(с) К-1ог-1 


8. 


34 


The radius of the circle in which the sphere 
x? +y? $27 +2х-2у-4:-19=0 is cut by the 
plane x+2y+22+7=0 is 12003] 


(4 (I (2 (93 
Two system of rectangular axes have the same 


origin. If a plane cuts them at distances a,b,c 


and a',b',c' from the origin then [2003] 


Distance between two parallel planes 
2x+y+2z=8and4x+2y+4z+5=0is 
12004] 
5 
2 


9 
Q7; 0 


А line with direction cosines proportional to 2, 
1, 2 meets each of the lines х= у+а=т and 


7 3 
OF WF 


x+a=2y= 2z ,The co-ordinates ofeach of the 
points of intersection are given by [2004] 
(a) (2a,3a,3a), (2a, a, a) 

(5) Ga, 2a, За), (a, a, a) 

(c) Ga, 2a, 3a), (a, a) 


(d) ба, За, За), (a, a, a) 


Three Dimensional Geometry 


10. 
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Ifthe straight lines 
x2lesy--3-As 


12004] 


ths 


t 
and х=-у,у =1+/,2 = 2-1, with parameters 


sand t respectively, аге coplanar, then 7. equals. 


1 
(a) 0 (b) -1 © -5 @2 


The intersection of the spheres 


xy! +22 +7х-2, 


=13and 


x? +y? +22 -3х+3у+4ш =8 is the same as 
the intersection of one of the sphere and the 
plane [2004] 
(a 2x-y- (b) x-2y 
©) x (d х-у- 


A line makes the same angle Ө, with each ofthe 
xand z axis. If theangle B, which it makes with 


y-axis, is such that sin? B = 3sin? 0, then соѕ9 


equals 12004] 


2 wt з 3 
@ 5 (5 5 © 5 Ф-3 


. o xH 
If he angle 0 between the line = = 


+4= Oissuch 


ind the plane2x—y+ 


2 


1 

that sin 0-2 then thevalucof à is [2005] 
- 3 

ъ= = @ 
5 4 


The angle between the lines 2x = 3) 


5 
(a) 


() 0 — (b 9* (045 
Ifthe plane 2ax — 3ay--4az-- 6 = 0 passes through 
the midpoint of the line joining the centres of 


(d) 30° 


) 8y-2:- 
xk y! z- 10х + 4y-22- 8thena equals 
12005] 
(а) -1 (b) 1 
(с) -2 (d) 2 


16. 


18. 


19, 


20. 


21. 


The distance between the line 


2+4) and the plane 


12005] 
10 
(d) gd 


Leta, band c be distinct non- negative numbers. 


If the vectors aitajtck, Ї+Ё and 


ci e cj bk lie in aplane, then cis [2005] 
(a) the Geometric Mean of a and ^ 

(b) the Arithmetic Mean ofa and b 

(c) equal to zero 

(d) the Harmonic Mean of a and b 

The plane x + 2y — z = 4 cuts the sphere 
xb y e Z-x*z-2-0in circle of radius 


12005] 
(а) 3 (b) 1 (c) 2 (Фу 

The two lines x-ay*b, z-cy*d; and 
x=a'y+b', z 2c y d' are perpendicular to 


each other if 12006] 


(b) аа+сс'=1 


(а) аа'+сс'=-1 


The image of the point (-1, 3, 4) in the plane 
x-2y-0 is 12006] 


(b) (15.11,4) 


(d) None of these 


Ifa line makes an angle of л / 4 with the positive 
directions of each of x- axis and y- axis, then the 
angle that the line makes with the positive 


direction of the z-axis is [2007] 
Ё z 
- b) = 

e 2 (b) J 

ož o$ 


м-206 
22. 


23. 


24. 


25. 


26. 


27. 


28. 
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If(2, 3, 5) is one end ofa diameter of the sphere 
w+ y! +27 — 6x - 12у - 2z + 20 = 0, then the 
coordinates of the other end of the diameter 
are [2007] 
(a) (43,5) (b) (4,3,-3) 

© (4,9,-3) (d) (4.3.3). 

Let L be the line of intersection of the planes 
2x+3y+z= Landx--3y 22-2. IfL makesan 


angle a with the positive x-axis, then cos o. 
equals 
12007] 
1 1 1 
(a) 1 0 =~ 0z 0 


з OF 


The vector G=«ai+27+Pk lies in the plane 


of the vectors 5 2j and 22 j«£ and 


bisects theangle between Б and z . Then which 
one of the following gives possible values of a 


and b? 12008] 
(a) a=2, b=2 (b) а-1, b=2 
© a=2, b= 1 (d) а-1, b= 1 


The line passing through the points (5, 1, a) and 
(3, b, 1) crosses the yz-plane at the point 


17 -13 
UE . Then 120081 
(a) a=2,b=8 (b) a= 
(c) a=6,b=4 (d) a-8,b- 


E 
If the straight lines Vv. 


intersect at a point, then 
12008] 
(@ 2 


з TE 
the integer k is equal to 


(a) —5 (b) 5 () 2 


yal tfo 
=> lieintheplane 


P x-2 
Lette line = 


5 
x+3y—az+=0. Then (a, В) equals 


12009] 
(a) (-6,7) (b) (5.-15) 
(©) 65.5) (d) (6-17) 
Statement-1 : The point AQ, 1, 6) is the mirror 


image of the point B(1, 3, 4) in the plane x-y + 
S 


29. 


30. 


3. 


Statement -2: The plane x bisects the 
line segment joining АС, 1, 6) and B(1,3, 4). 
[2010] 
(a) Statement -1 is true, Statement -2 is true ; 
Statement -2 is not a correct explanation for 
Statement -1. 
(b) Statement -1 is true, Statement -2 is false. 
(c) Statement -1 is false, Statement -2 is true . 
(d) Statement - 1 is true, Statement 2 is true ; 
Statement -2 is a correct explanation for 
Statement -1. 
A line AB in three-dimensional space makes 
angles 45° and 120° with the positive x-axis and 
the positive y-axis respectively. IAB makes ап 
acute angle Ө with the positive z-axis, then Ө 
equals [2010] 
(a) 45° (4) 30° 


(b) 60° (c) 75° 


If the angle between the line x = 


and the plane x + 2y +3: = 4 is cos ! ( B А 
then 2. equals pon] 
3 2 
(a) 2 (b) E 
s E 
(c) 3 (d) 3 


Statement-1: The point A(1, 0, 7)) is the mirror 
image of the point B(1, б, 3) in the line : 
x 1 z-2 

01723" 3 


isects 


ЭЛС 
Statement-2: The line 1 2 3 


the line segment joining A(1, 0, 7) and B(1, б, 3). 
12011] 
(a) Statement-1 is true, Statement-2 is true; 
Statement-2 is not a correct explanation for 
Statement- 
(b) Statement-1 is true, Statement-2 is false. 
(c) Statement-1 is false, Statement-2 is true. 
(d) Statement-1 is true, Statement-2 is true; 
Statement-2 is а correct explanation for 
Statement-1. 


Three Dimensional Geometry 


32. 


33. 


34. 


36. 


37. 


38. 
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The distance of the point (1, — 5, 9) from the 
plane x — y + т = 5 measured along a straight 
х= 1201185] 


(а) 10/3 (b) 545 © йо (D 345 


The length of the perpendicular drawn from the 
point (3,-1, 11) tothe line 


x 
2 1201188] 
(а) 429 (b 3з © „53 (9 66 


А equation of а plane parallel to the plane 
x-2y 22-5 = andata unit distance from the 


origin is : [2012] 
(а) x-2y42:-3-0 (b) x-2y+2z+1=0 
(c) x-2y2z 


Ifthe line 22 
2 


12012] 


(а) -1 (5) 


IE 


(d) 0 


Distance between two parallel planes 2х + y--2- 


-8and Ах+2у+42+5=015 12013] 
3 5 

@ 5 52 
7 9 

© 5 @ 5 


are coplanar, then сап 


have 
(a) any value 
(c) exactly two values 


12013] 
(b) exactly one value 
(d) exactly three values. 


2-4. 
in 

3 1 -5 
the plane 2x—y+2+3=0 isthe line: [2014] 


The image of the line 2 


39, 


40. 


4l. 


42. 


43. 


The angle between the lines whose direction 
cosines satisfy the equations 1+m-+n=0 and 


P= т +? is 12014] 
т л 

@ v 02 
л л 

(c) 3 (d) n 


The equation of the plane containing the line 
2x Sy +2=3:x-+y+4z=5, and parallel to the 
plane, x+3y+6z= 1, is: 12015] 
(a) х+3у+62=7 

(b) 2х+бу+127— 13 

(c) 2х+бу+12> 
(d) x+3y+6z=-7 

The distance ofthe point (1, 0, 2) from the point 


of intersection of he line == = 
and the plane x — y^ z - 16, is 12015] 
(а) 3421 (b 13 
(с) 2414 (d) 8 


Thedistance ofthe point (1, 5, 9) from the plane 
x—y+z=5 measured along the line x— y —zis : 


12016] 
10 20 
@ 7m © 5 
© 3vi0 (d) 10/3 
20 X-3 уж2 2+4. 
Ifthe line, <p 573 Hiesin theplane, 
1х+ my-z -9, then 12 +m? is equal to: 
12016] 
@) 5 (b) 2 
(c) 26 (d) 18 


м-208 
44. 


45. 


46. 


47. 


48. 
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Ifthe image of the point P(1, 2, 3) in the plane, 
2x + 3y —4z +22 = 0 measured parallel to 


line, - Е == is Q, then PQ is equal to: 
[2017] 

(а) 645 (b) 3/5. 

© 2442 @ V2 


The distance of the point (1, 3, —7) from the 
plane passing through the point (1, 1, —1), 
having normal perpendicular to both the lines 


12017] 


10 20 


10 5 
@ ya O үң © qu GO Jg 
The length of the projection of the line segment 
joining the points (5, -1, 4) and (4, 1,3) on the 


plane, x+y+z=7 is: [2018] 
25-9 à = 
e; OF © OR 


If L, is the line of intersection of the planes 
0, x-y+z+1=0 and L, is 
the line of intersection of the planes 
х+2у-2-3=0, 


the distance of the origin from the plane, 


2х-2у+32-2 


3x-y+2z-1=0, then 


containing the lines L, and L,, is : [2018] 
1 1 
) 37 ® 3 
1 1 
© Z © 25 


The equation of the line passing through 
(4,3, 1), parallel to the plane x +2у—2—5=0 


and intersecting the line 


y-3 z-2 


12019] 


х+1 


49. 


53. 


[ole E TS 

The plane through the intersection of the 
planes x + у+ = 1 and 2x + 3y-zt4-0 
and parallel to y-axis also passes through the 


point: 12019] 
(а) (-3,0,-1) (5) (—3, 1, 1) 
(с) QG.3,-1) (d) (3, 2.1) 
ул! 
If the line, meets the 


2 3 4 
plane, x + 2y + 3z = 15 at a point P, then the 


distance of P from the origin is: 12019] 
(а) 45/2 (b) 245 
(с) 92 (d) 72 


A plane passing through the points (0, -1, 0) 


and (0, 0, 1) and making an angle 7 = with the 


plane y — 72 + 5 = 0, also passes Ro the 
point: [2019] 
(а) C42.1.-4) (b) (42.1.4) 


© C42.-1,-4) (9) (2.14) 

Avector j - aj +2) +В (o. BeR)liesin 
the plane of the vectors, Б = ; / and 
) *AK.1E G bisects the angle between 
12020] 


€) ait 
(4) ak *4-0 
Let P be a plane passing through the points 
(2,1,0), (4, 1, 1) and (5,0, 1) and R be any point 
(2, 1, 6). Then the image of R in the plane P is: 
(a) (6,5,2) (b) (6, 5,-2) [2020] 
(c) (4.3.2) (d) (3,4,-2) 


Three Dimensional Geometry 
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Answer Key 


SIR ION EO RI Bia 


(c) 


(b) 


(4) | (а) 


24 


26 
(a) 


L @ 


Since the point (3, 2, 0) lies on the given 


1 4 
7. There can be infinite many planes 
passing through this line. We observed 


that only option (a) sfied by the 
coordinates of both the points (3, 2, 0) and 
(4,7,4) 


is the required plane. 
Equation of plane through (1, 0, 0) is 
а(х-1) +hyt+ez=0 


It is also passes through (0, 1, 0). 


EU 


-at+b=0>b= 


ata 


соз 
202 +c?) 

= 2а= {242 +? 

? = c= a. 

Sod.rof normal area,a V2a i.e. 1,1, /2. 


Centre of sphere be (-2, 1, 3) and radius 13 
Weknow that, 

Shortest distance = perpendicular distance 
between the plane and sphere = distance 
of plane from centre of sphere — radius 


1244х143х3-327 


= 20 


-26-13-13 


Solutions 
4. 
5. @ 
6. @ 


For perpendicularity of lines, 
aa't1+ec'=0 
Two planes are coplanar if 


о ар 22-21 
1 т 
ГА т 
1411 
1 1 -k=0 
k 2 1 
Applying C, — C, +C, C, 9 C, * C, 
1 0 0 
2o] 2 Чеш 
k k+2 144 
=> qe2k-(e2y1-5]-0 
= 2+2k-(k-k+2)=0 


КЁ+зк=0= ЩК+3)=0 
ork-0or-3 


м-210 
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Centre of sphere = (-1, 1,2) 


Radius of sphere J 1144419 — 5 


Perpendicular distance from centre to the 


plane 
21424447) 12, 
м1-4-4 go em 


In right, AAOC 


OC-d- 


= AC-3 


Theplanesare 2x+y-+22-8=0. (1) 
and 4x+2y+4z+5=0 
or 2х+у+2:+2=0 40) 


Since, both planes are parallel. 
2. Distance between (1) and (2) 


E 
= 2 


SSS 73 
42? +12 «2? E Ш 
Let a point on the line x= y +a 
(АА) andha point on the line 


21 ij 


tha=2y=22= pis {u-a E £) then 
E y-2z "3 

Direction ratio of the line joining these 
1 


points are A—p+a,% 


If it respresents the required line whose 
d-r be2, 1,2, then 


zB 
-uta Ma 
2 2 
on solving we get А = 3а, = 2a 


2. The required points of intersection are 


10. 


п. 


12. 


@ 


@) 


© 


2а 2, 


) 


Ga, 3a-a3a) and (247a. 


or (3a,2a,3a) and (a,a,a) 
The given lines are 
+3 


Им) 


40) 


кэй е 
0 


151 
Apply cy -Эсу *e;|l 0 A|-0 
loa 


Given that, the equations of spheres are 
24 y ez Tx- 2y-z- 13 = 0 and 
xe yb Z-3x43yt4z-8-0 

We know that eqn. of intersection plane be 
$,-$,70 = 10х-5у-5:-5-0 

=> à-y-z-ld 

As per question the direction cosines of 
the line are cos, соз, cos® 


+. cos? 8 +cos* B cos? 0-1 
1 2cos? 0 = 1 — cos? 0 
= 2cos? 0 - sin B =3sin? (given) 


= 20870-3-3со8"0 
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13. (a) Let is the angle between line and plane 
Wed 8 P MIEL ERES) 
| Va? +b? ec 
snp 412-1043-5| 10 
(27 М+25+1 | M8 
ЕЕ dida bkas A ce + : ЕЭ dad disk 
EASAIN 17. (а) Given that vector ai+aj+ck,i+k and 
2-2424A. ci + с) bk are coplanar then 
NETTES aac , 
NE 1 1 0 1056 - ab 5 e- уа 
=> sin0- sn = 5А нг, 
5+2 3 ere 
<. cis GM. ofa and b. 
aha? 18. 0) 
14. (b) Thegivenlinesare 3y--z Ap 
[Dividing by 6] Ї 
[Dividing by 12] 
Angle between two lines is 
" та bb e Centre of sphere= Б -3) and radius 
rS 
Nap +0 + qas +02 +03 
11 5 
202 52:20) C6) C3) ofsphere = Jr -E 
(У.24-6р 22 02) «cosy Perpendicular distance O4 of centre from 
х+2у-:=4 is given by 
2624418 0n 9 = 90° 
449 4157 
15. (c) Plane 2ax-3ay*4az46-0 passes 
through the mid point of the line joining E 
the centres of spheres 2. radius of circle. 
m. 7) 2 
X y +27 +6х-8у-2т2=13 and 2 
223 АВ= NOB? -О, 
х Буд: -10х44у 8 
respectively centre ofspheresaree,(-3,4,1) 19. (a) 
andc (5, 2, 1). Midpoint of ec, is(1, 1,1). 
Satisfying thisin the equation of plane, we get 
2а-За+4а+6=0 
=> а=-2. 
16. The given line i а 
со РИ Given that lines аге perpendicular. 
#=2ї—2]+3Ё+МЇ-]+4Ё) = аа'+1+сс'=0 
and the planeis 7-(745/44)-5 20. (d) Let (a. B, y) betheimage,then mid point of 


= x+5y+z=5 
Required distance 


(а, By) and (71,3, 4) mustlicon - 20. 
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21. 0) 
22. © 


23. 
А а 1 482) -0 
25-18) 2 
а-1-28-6=0=0-28=7 (1) 
Also line joining (а, В, y) and( -1, 3, 4) 
should be parallel to the normal of the plane 
x-2y-0 
al -4 
=- 1 
1 0 
э а-3-1В--2143,ү-4 .Q) 
From (1) and 2) 
9 
a-—, 
5 5 
None of the option matches. 
Let the line makes an angle Ө with the 
positive direction of z-axis. Given that lines 
л 
makesangle 7 with x-axis and y-axis. 
- [= cos m - cos үл cos 0 
4 4 24. 
We know that, Ё n? = 
. соё 2 + cos Л Бсоё0-1 
4 4 
1.3 2 
э lelecw9- 
2 2 
25. 


= соё0-0-» 8-2 


Hence, angle with positive direction of the 


л 
axisis =, 
2 

We know that centre of sphere 
xy! +2+2их + уул 2uz+d=0 
is (au, v, w) 
Given that, 2+ у7+2—6х-12у—2:2+20=0 

Centre =(3, 6, 1) 
Coordinates of one end of diameter of the 
sphere are (2, 3, 5). Let the coordinates of 
the other end of diameter are (a. f. ү) 
= a-4, p -9and y =-3 
2. Coordinate of other end of diameter are 
(4.9.3) 


В+3 


1 


(c) Letthedirection cosines of line L be J, m. n. 
Since line L lies on both planes. 


21+3т+п=0 
and /+3m+2n=0 
on solving equation (i) and (ii), we get 


I m_n 1 п 
6-3 74, Y 
Dom on VP +m +n? 


39: 11 
Jm 485 88 


Line L, makes an angle о with +ve.x-axis 


1 


1= созо. > cosa 


(d) Giventhat, à lies in the planeof B and ë 
ä=b+ 


> af+27+Pk=i+ f+. G+) 

Comparing both side, we get 

=> a=1,2=1+4,p=A >a=1,p=1 
(c) Equation of line through (5, 1, a) and 


(-1).+1 
т=(1-а)у+а 
Any point on this line is a 
[22 5, (b— 1) 1, (1-4). a] 
Given that it crosses yz plane л -24+ 570. 


Nju 


222 НО 


Three Dimensional Geometry 


26. 


27. 


28. 


@) 


(а) 


(а) 
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and 0-а) а= -8 


=> b=4anda=6 


When the two lines intersect then shortest 
distance between themis zero i.e. 


(dj —à):b xb 
fh 

э (a) eh -0 

Гао) +34, = d 2] 3E 


2t) 


where д 


=> 01(4-34)-108-9)-208-6)-0 
1 5 
=> 2h —Sk+25=0=>k=—S or 5 


+ kis an integer, therefore К=—5 


Given that, the line 


lic in the planex + 3y—az+B =0 
Pt (2, 1,—2) lies on the plane 

ie 24342070 

o 20-0-5 

Also normal to plane will be perpendicular 

to line, 


г. 3х1-5х3+2х(-а)=0 

=> а= 

From equation (i) then, B=7 

^ (В) = 6,7) 

A(3, 1, б); B=(1, 3,4) 

Putting coordinate of mid-point of AB 
=(2, 2,5) in planex—y +2=5 then 2— 
5=5, satisfy 

So, mid-point of AB = (2, 2, 5) lies on the 
plane. 

d.r’s of AB=(2, 2,2) 

d.r'sofnormal to plane = (1, —1, 1). 
Direction ratio of AB and normal to the 
plane are proportional therefore, 

ABis perpendicular to the normal of plane 
г. Ais image of B 


(i) 


29. 


30. 


31. 


b) 


@ 


@) 


Statement-l is correct. 
Statement-2 is also correct but it is not 
correct explanation. 

As per question, direction cosines of the 
line: 

{= cos45°=—L > т=соз120° 


42 
n=cos0 


where 0 is the angle, which line makes with 
positive z-axis, 


We know that, (? +m? +n? = 
YN 4 
=+—+0080=1 
E 
cos? 9-1 
4 
= cos0=—=cos~ (0 being acute) 
Зүг 
3 


Let 0 be the angle between the given line 
and plane, then 


1х1+2х2+),х3 


sin = ————————————— 
ыг +P 442 4D «2243? 
gems 
э coso= h-E 
14(5+22) 


E MEE! 2 
> Via 14(51А2) 
Squaring both sides, we get 
5 $3 -301445 


14146492) 


у 


3 
The direction ratio of the line segment АВ 
is 0, 6,- and the direction ratio of the given 
lineis 1,2,3. 

Clearly 1 «02x 6+3 х (-4)=0 

So, the given lineis perpendicular to line AB. 
Also, the mid point of A and B is (1,3, 5) 
which satisfy the given line. 

So, the image of B in the given line is A 
statement-1 and 2 both true but 2 is not 
correct explanation. of 1. 
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32. (а) Equation of line through. Р(1,-5,9) and э @-ā)Ēx5)=0 
parallel tothe line x = i : 
ACIE yes 2 k+1 -I 
ta э 3 4|-0 
0-(х-143,) uU 2. 1 
Since Q lies on planes > 20-ву-(+1)(2-4)—1(4—3)=0 
ENTERS => 265)-(k+1)2)-1(1)=0 
= x--10 
Q-(-9,-15,-1) => -10+2k+2-1=0 > 4-2. 
1 1 1 2 
PO-J(«9) «(15-5) +(9+1/\ — 3& (у 2x+y+2z-8=0 „(Plane 1) 
= 4800 = 10/5 
К ws Qt yt 2+ i -0 ...(Plane2) 
33. (0 Anypointon line >= Distance between Plane 1 and 2 
(22,322,423) 
= Direction ratio ofthe 1 lineis = 
2а —3,3a -3,4a — 8. and 
Direction ratio of the given line are 2, 3,4 ЯН 
= 2(26-3) Зах зугаа -8)-0 37 © Given lines will be coplanar 
- 0 -а-1 RAM 
> 5,7) Hf d 
=> Length Lis Ji? +62 +41 = V53 p 2.1 
34. (a) Given that, equation ofa plane is. => -1(1+2Ю0-(1+&®9)+1(2-®)=0 
x—2y+2z-5=0 k-0,-3 
So, Equation of parallel plane is = iem 
/82:44-0 зв. () 2---2-2-5-2 jer) 
s given that distance from origin to R 
the parallel plane is 1. => a=2+1 
b-3-À 
с=4+% 
So equation of required plane АО,3,9) 
— ан —— 
х-2у+2:%3=0 EN 
37+) 5 
35. (c) Givenlinesare 5 


| 


Given lies are intersect if 


(hà) x) 
1815 | 


Three Dimensional Geometry 


40. 


(а) 
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E 


20.-1)- +3=0 
2 2 
3A +6=05 
a=-3, b=5,c=2 
x*t3 y-5 


Required line is 


3 1 
Given, /+ m+n=Oand 2-т эг 
Now, (-m -ny = n? + 2 
=> mn-0-m-0orn-0 


Ifm=0 then / 


Weknow P nf + 15 n= 


ie 1 my n) (E 


Ifn= 0 then /= m 


= 2m 


1 
Letmz—— 


42 


1 
mm) (39) 
i FEIN 
3 


1-1 andn=0 


Equation of the plane containing the line 
2x—Syt+z=3andx+yt+4z=5 is 
2х-5у+а=3+).(х+у+42-5)=0 

= (@+))ух+(—5+))у+(1+4дуе+(-3—5))=0 


340) 
Since the plane (i) parallel to the given plane 
x+3y+6z=1 
2+. _-5+),_1+4). 
ri 3 6 


2 
Hence equation of the required plane is 
(2-2) (a5, (i8). 
2 2 2 


4» 


4t 0 
42 @ 
43. (b) 


=> @-11)х  (C10— 1)y-- (2—44)z 
*(6-55)-0 

=> -7х-21у-422+49=0 

=> х+3у+62-7=0 

= xt+3y+6z=7 

General point on given line 

3r+2,4r—1,12r+2) 

Point P must satisfy equation of plane 

Qr2)- (4r- 1) (12r*2) =16 

1:+5=16 

г=1 

Р(3х1+2,4х1—1,12х1+2)=Р(5,3, 14) 

distance between P and (1, 0, 2) 


ЙГ +P 4(1 


13 


P(1,-5,9) 


х-1 
Eq? of PO : шин шинийн 
= №-5;2 = №+9. 
Putting these in eq" of plane : 
141-1454349-5 
= = -10 
= Ois(-9,-15,-1) 
= distance OP = 103 
Line lies in the plane = (3, 2, —4) lie in the 
plane 
—3(-2m-4-9o3(-2m-5 (1) 
Also, /, m.-1 are dr's of line perpendicular 
to plane and 2, -1,3 are dr's of line lying in 
the plane 
=> 2/—m—3=0or2/—m=3 
Solving (1) and (2) we get / = 1 and n 
=> ё+ш?=2. 


эх=А+; 
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44. ©) 
45. (c) 
46. (с) 


Equation of line PQ is 
x-l y42 z-3 
т 4X Ж 


Let F be (0.41,41--2,57.43) 


P(1,-2, 3) 


Q 


Since F lies on the plane 
201) 53(43-2)-4(53:43) 22-0 
2A+2+124-6-20A—12+22=0 
=>-61.+6=0=2=1 

^. Fis (2, 2,8) 


PQ-2PF-2 yy? 4.4? 45? = 2/42 
Let the plane be 
a(x—1)+b(y+ 1) +e(z+1)=0 
Normal vector 


i 
1 -2 3 |=5ї+7)+3Ё 
24 
Soplaneis5(x-1)+7(y+1)+3(z+1)=0 
— 5х+7у+32+5=0 

Distance of point (1, 3, —7) from the plane 
is 


5«21-21«5 10 


4254499. Уз 


з B (5, —1, 4) 


C - ЧАВ? - AC? 


Now, A'B'- B 
-14. Ё 
3 3 

ЮУ? 2 

Length of projection = (= 


Equation of plane passing through the 
line of intersection of first two planes is: 
(2x-2y32-2)- A(x- y z41) 2 0. 
or x(A+2)—y(2 +2) + z0.-3) c (.-2) 70 
NUI 
is having infinite number of solution with 
x-2y-z-3-0and3x-y-22-1-0, 
then 


(%+2) —(%+2) 0-43) 


= h=5 

Nowput 9, =5in (i), we get 

7x-1y- 8243-0 

Now perpendicular distance from (0, 0, 0) 
to the place containing L, and L, 


Let any point on the intersecting line 


х+1 y-3 


=A (say) 


-3 
is (-3А-1,2\+3,-А+2) 
Since, the above point lies оп a line which 
passes through the point (—4, 3, 1) 
Then, direction ratio ofthe required line 
-1-31-144,23-43-3,-142-11 
ог [-3A+3,20,-At1]) 
Since, line is parallel to the plane 
х+2у =0 
Then, perpendicular vector to the line is 


Three Dimensional Geometry 


49. 


50. 


@ 


© 
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Now(-3A+3\1)+ 2A)2)+ A+DED=0 
=> À--d 

Now direction ratio of the required line 
=[6,—2,2] or [3,—1, 1] 

Hence required equation of the line is 


(х+4) 
3 
Since, equation of plane through 

intersection of planes 

xty+z=land2x+3y—z+4= 

(Ох+3у-2+4) + Arty +z—D 

(2+ A+B + Atl +Ayet(4-2)=0 ..(1) 

But, the above plane is parallel to y-axis then 

(2+A)x0+(3 +A)x1+(-1 +А)х0=0 

=A=3 

Hence, the equation of required plane is 
-x-4z*7-0 

=> xt4z-7-0 

Therefore, (3, 2, 1) the passes through the 

point. 

Let point on line be P (2k+ 1, 3k— 1, 4k +2) 

Since, point P lies on the plane. 

х+2у+32=15 
2k+1+6k—2+12k+6=15 


1. р-(2@ 
> key N г (234) 


Then the distance of the point P from the 
origin is 


ОР = i 16 
74 


Let the required plane passing through ће 
points (0, —1, 0) and (0, 0, 1) be 


53. ® 


м-217 
Then, the equation of plane is 

+/2х-у 1 

Then the point (V2,1,4) satisfies the 


equation of plane —/2x y+z=1 
Angle bisector between ў and 2 can be 


üá-X(b*c) or а= u(b-c) 


ET 

2 

= E М 27+ 4k] 
2 


pis3j«i- j* 4l] 


Compare with а= ai+27+ph 


+ Gi+37 


E 


H p. к. 1 
--5-(21-47-44) 
КД í 
Compare with à = ai - 27 pk 


AM iy ya? 
372 2 


Equation of plane is х-4-у-22-3 
Let image of R in the plane Pis (x, 
-2(241-12-3) 


=> (х.у.2)-(6,5,-2) 


м-218 
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Probability 


A problem in mathematics is given to three 
students A, B, C and their respective probability. 


of volving the problem ist, Land 1. 
273 4 


Probability that the problem is solved is [2002] 


(a) (b) 


© (d) 


A dice is tossed 5 times. Getting an odd number 
is considered a success. Then the variance of 


BIN ьш 
wie юре 


distribution of success is 12002] 
() 83 (b) 38 
(c) 45 (d) 54 


The mean and variance of a random variable X 
having binomial distribution are 4 and 2 


respectively, then P (X — 1) is [2003] 
1 1 

oz ® зу 
d» "n 

© 9 5 


4 
The probability that 4 speaks truth is ro while 


3 

the probability for B is 7- The probability that 
they contradict each other when asked to speak 
ona fact is 12004] 

= 1 
@ 5 O 5 

T 3 
(9) == (9 55 


20 20 


22 


A random variable X has the probability 
distribution: 


For theevents E — (X is a prime number } and 
F={X <4}, the P(EOF) is 12004] 
(a) 0.50 (b) 077 
(c) 035 (d) 087 


The mean and the variance of a binomial 
distribution are 4 and 2 respectively. Then the 


probability of 2 successes is 12004] 
28 

(а) 556 (b) 
128 

(c) 256 (d) === 


Three houses are available in a locality. Three 
persons apply for the houses. Each applies бог 
one house without consulting others. The 
probability that all the three apply for the same 


house is [2005] 
2 1 

(a) 9 (b) 9 
8 1 

у 8 a 2 

(c) 9 (d) 9 


A random variable Y has Poisson distribution 
with mean 2. Then P(X>1.5)equals [2005] 


Probability 


9. 
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Ata telephone enquiry system the number of 
phone calls regarding relevant enquiry follow 
Poisson distribution with an average of 5 phone 
calls during 10 minute time intervals. The 
probability that there is at the most one phone 
call during а 10-minute time period is [2006] 


6 5 
= b) 2. 
oś [P 
( & @ & 
55 Е; 


Two aeroplanes I and II bomb a target in 
succession. The probabilities of Land II scoring 
a hit correctly are 0.3 and 0.2, respectively. The 
second plane will bomb only if the first mi 
the target. The probability that the target is hit 


by the second plane is 12007] 
(a) 02 (b) 07 
(c) 0.06 (d) 0.14. 


A pair of fair dice is thrown independently three. 
times. The probability of getting a score of 


exactly9 twice is 12007] 
(а) 8/729 (b) 8248 
(c) 1729 (d) 89. 


Itis given that the events А and В arc such that 


1 1 
Pays 2 PAIB)=5 and PB A) 
Then P(B) is 12008] 

1 » i 
@ c 9 5 
2 1 
©з 9 5 
In a binomial distribution bo. Bs 1) „ifthe 


probability of at least one success is greater than 


9 
or equal to [> then nis greater than: [2009] 


1 9 
® Togig 44108037) 1ору4—1огу3 


©) Тор 00309) logo 4—logi0 3 


One ticket is selected at random from 50 tickets 
numbered 00,01,02,...,49. Then the probability 
that the sum of the digits on the selected ticket 
is 8, given that the product of these digits is 
zero, equals: 12009] 


16. 


м-219 
1 IX. 
@ у ©) я 
aoc d 21. 
© 50 © 14 


An urn contains nine balls of which three are 
red, four are blue and two are green. Three balls 
are drawn at random without replacement from 
the um. The probability that the three balls have 


different colours is 12010] 
2 1 

8) 7 (b) эт 
= i 

OF @ 5 


Consider 5 independent Bernoulli’s trials each 
with probability of success р. If the probability 
of at least one failure is greater than or equal to 


31 Р А 
зууг then p lies in the interval 


зп 
(а) 1212 


[7] (14 


IfC and D aretwoevents such that C C. Dand 
P(D)s 0, then the correct statement among 
the following is [2011] 


(а) P(CID)> P(C) 
(b P(C|D)< P(C) 
© PCIe A 
(4) P(C|D)- P(C) 
Let А, B, C, be pairwise independent events 
with P (C) > 0 and Р(Ас\Вс\С) =0. Then 


[2011] 


P(A eB IC). [2011RS] 


J-e) |» nae) 
© P(4)-P(&) (а P(4)-P(5) 
Three numbers are chosen at random without 
replacement from {1,2,3,..8}. The probability 


thattheir minimum is3, given that their maximum 
is6, is: 12012] 


@ P( 
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3 1 14 
аз b) 5 © 55 © = 
5 24. A bag contains 4 red and 6 black balls. A ball is 
© 1 @ 2 drawn at random from the bag, its colour is ob- 
9 4 5 served and this Бай along with two additional 
20. А multiple choice examination has 5 questions. balls ofthe same colour are returned to the bag. 
Each question has three alternative answers of If nowa ball is drawn at random from the bag, 
pa : дЕнЕ then the probability that this drawn Бай is red; 
which exactly one is correct. The probability ы 12018] 
that a student will get 4 or more correct answers A 1 
just by guessing is: [2013] @ 2 + 
@ 5 ы 4 3 2 
a) 48 b is 5: TE 
3 OF @ 17 
m 10 25. Two cards are drawn successively with 
© 3s 0-3 replacement from a well-shuffled deck of 52 
21. Let А and В be two events such that cards. Let X denote the random variable of 
number of aces obtained in the two drawn cards. 
P(AUB Then Р(Х =1)+ Р(Х = 2) equals: 12019] 
(а) 49/169 (b) 52/169 
7 2 1 
P(4)--. where A stands for the (c) 24/169 (d) 25169 
complement ofthe event A. Then the events A 76^ Four persons ie Е а target correctly with 
and B are [2014] . ACE dm 
(a) independent but not equally likely: probabilities sin and Зани 
(b) independent and equally likely. hitat the target independently, then the probability 
(c) mutually exclusive and independent. that the target would be hit, is: 12019] 
(d) equally likely but not independent. гд 
22. А box contains 15 green and 10 yellow balls. o= o 
1110 balls are randomly drawn, one-by-one, 192 32 
with replacement, then the variance of the 1 25 
number of green balls drawn is: [2014] (©) 102 @ 3 
6 12 27. An unbiased coin is tossed 5 times. Suppose 
@ 35 LS that a variable Y is assigned the value k when k 
© 6 @ 4 consecutive heads are obtained for k= 3, 4, 5, 
23. — Iftwo different numbers are taken from the set otherwise X takes the value —1. Then the 


(0,1,2, 3 10), then the probability that 
their sum as well as absolute difference are both 
multiple of4, is: [2014] 


6 
(b) == 


@ 55 


expected value of X, is: 12020] 
3 1 

б) тє (b) r 
3 = 

© 16 @ “3 


Answer Key 


4 5 in 
(c) | (b) (b) 


8 
(с) 


10 |11 |12 


20 22 


23 


Bi 
(d) | (d) | (b) | (b) | (d) | (d) 
24 | 25 | 26 | 27 


Probability. 


4 © 
5 b 
6 (а) 
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cC Solutions 25 
1 1 1 | & 1 6 1 2 
Given that P(4) — РОВ) = and 7 P( success) = C, (5) B 
1 
P(O- X = 256 
7 $5 


P(AUBUC) -1- P (4)P(B) P(C) 


CET 


Iu 
nu -2-g-4p-^n 


A and В will contradict each other if one 
speaks truth and other false . So , the 
required probability 


Р(Ас B): PaB) = NE MIC Hr 
4 113.7 
==х=+2х==—— 

5 4 5 4 20 


P(E)- P(2or3or50r7) 
=0.23+0.12+0.20+0.07 = 0.62 
P(F) = P( or 2 ог 3) 
=0.15+0.23+0.12=0.50 
P(EAF)= PQ or 3) 


=0.23+0.12=0,35 
We know that 


P(EUF) = P(E)+ LF) - PLE ^F) 
=0.62+0.50—0.35 = 0.77 

Given that mean = np = 4 and variance 
= npq=2 


1 


= p=q=—and n=8 


10. 


п. 


@ 


b) 


Probability of particular house being 
selected 


1 


3 
P (all the persons apply for the same 
house) 


(D 
Е) 9: 


From poission distribution, probability of 
getting k successes is 


P(x-k)2 e^. 


Р(х22)-1-Р( 


=l-e 


Р(Х = 
Given mean (m)=5 

P (at most 1 phone call) 

=P(X <1)= P(X =0)+ P(X =1) 


Given that РЇ) =03 and Р(П) =0.2 

5 PCT )=1-0.3=0.7 

2. The required probability 

-P(I Л) -Р(Г)Р(1)-07х02-014 
The sample space of pair of fair dice is 
thrown, Ў= (1, 1). (1,2) (1, 3) ...= 36 
Sum 9 are (5, 4), (4, 5). (6, 3), (3, 6) 


P(score 9) H 


36 
Numberoftrial =3 
2. Probability of getting score 9 exactly twice 


зө 0 (3) -34- 


lj8 
979 
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12. 0) 
13. @ 
ES 
ES 
ES 
ES 
=> 
M. @ 
15. (а) 


1 
Given that P(A)= 1/4, PUAIB)=>, Р(В/А) 


=2/3 
By conditional probability, 
P(A ^B)= P(A) P(BIA) = Р(ВУР(А/В) 


| 1 1 
—x <= P(B)x— => P(B) = 
= 15355 PB х5 = PU) 


wl 


Given that 
3 
polo gejl.3 
4 474 
and P(e 2 1) 2 > 
le aT 


1-P(@=0)> 2 
(= 02 1 


Taking log at the base 3/4, on both sides, 


we get 
3 1 
vial? ical 


1081010 


5 
219) 
08:10) 4 
kl 


^ logi 3 logio 4 

>) _ 
Торго 4—1овүу3 

Let E = Sum of the digits is 8 

F = Product of the digits is 0 

‘Then E = 08, 17,26, 35,44} 


F = (00, 01, 02, 03, 04, 05, 06, 07, 08, 09, 10, 
20,30, 40,} 


n2 -logya 10= 


эп 


EnF = (08) : 
Р(Ег\Е) Me 1 
у= “ӨР Баг! 
PEM ~~ P) 14 
т8)-2С: 


n(E) =3C, x 4C x?c 


16. 


17. 


18. 


19. 


Mathematics 


Probability = 
3х4х2 24x3! 24x6 2 
- х61= == 
эс; 9! 9x8x7 7 


31 
(b) Given that p (at least one failure) > 3 


3l 
= 1 -p (no failure) 255 


Butp >0 


1 
Hence p lies in the interval [© 3l Я 


ба) Weknow, 


(©) JP(CoD) P(C) 
D/  P(D РО) 


Where, 0 < P(D)X1, hence 


[:CcD] 


»(5) > PC) 


@ р(А©сВ°/Су= 


Р(4сов ос) 
P(c) 
P((s-4oB)^C) 
P(c) 
Р(($-А-В+ Ас\В)г\С) 
P(C) 
РОС) -Р(А n C)- P(Bn C) PA n Bn C) 
Е P(C) 
_ P(C)—P(A).P(C) - P(B)P(C) +0 
P(C) 
-P(4)- P(B) 
1-Р(8) 
(b) Given three numbers are chosen without 
replacement from = { 1.2,3.... 
Let Event 
: Maximum of three numbers is 6. 
imum of three numbers is 3. 
is the case of conditional probability 


We have to find P (minimum) is 3 when it 
is given that P (maximum) is 6. 


P((4usy nc) 
P(C) 


[> PAS)= 1-Р(А)] 
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Probability 
Р(Ес\Е) _ ?С, 
P(F) Эс, 
2.1 
NINE 
20. (с) p = p (correct answer), q = p (wrong 
answer) 
P 1 2 
mpl ae. 
3 q 


By using Binomial distribution 
Required probability 


мно а) 


21. 
zc d 
PCA) == PO - 
We know, 
P(AUB)= Р(А) + P(B)- Р(А с B) 
5 3 1 
2==+P(B)-— 
3 86-47 (8) 4 
) 
УР(АсуВ)-- 
( Mana. 
E PB) =~ 
v P(A) + P(B) ee 
x! 1 
Also P(4)x P(B)= = 
so Р(Аух Р(В) = i 374 
=P(ANB) 
So 4 & B are independent. 
22. (b We can apply binomial probability 
distribution 
We haven = 10 
p= Probability of drawing a green Бай 
23. (0) LetA = (0,1,2,3,4,. 


n(S)-!!C,- 
space 


55 where S denotes sample 


Let E be the given event 

~ E= {(0,4),(0,8),(2,6),(2, 10),(4,8) (6, 10)} 
Ба) 

nE) 6 

“PED qsy 755 
Let R, be the even of drawing red ball in M 
draw and B, be the event of drawing black 
ball іп й draw. 
Now, in the given bag there are 4 red and 6 
black balls. 


24. a) 


ROTE and (8). 


And, ЦЭГ 6 and ЦЭ mj. 


4 
12 
Now, required probability 


= хаван өнөөх) 
1 


(2 5) (5 4) 2 
ДАР РЬАВН 
00 12/ 00 12 5 
25. (d) X= number of aces drawn 


л PX 1) +P(X=2) 


E 48 48 zl E 5 
- + KH KS 
2 52 52 52| (22 52 


QA. 85: 
169 169 169 
26. (d) P(atleast one hit the target) = 1 — P (none of 
them hit the target) 
-3 0-9 0-9 6-9 
2 3 4 8 
1.2 3 7 
=1-—х—х—х—= 
2348 
27. b) 


k — No. of times head occur consecutively 
Now expectation 


1 2 u 
= DP) = Cx tE 


ээх нах 25х11 


32 32 32 8 
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Properties of 


Triangles 


(28) 


The sides of a triangle are 3х+4у, 4х+3у and 
5х+5у where x, у> 0 then the triangle is [2002] 


(a) rightangled (Ы) obtuse angled 
(c) equilateral (d) none of these 

Ina triangle with sides a, b, c, г> ry? гу 
(which are the ex-radii) then 12002] 
(а) a>b>e (b a<b<e 

© a>bandb<c (d) a<bandb>c 


The sum of the radii of inscribed and 
circumscribed circles for an n sided regular 
polygon of side a, is [2003] 


e $T) о aof Z) 
9) 4 (2л n 


ЭРЧ 6/2) 
(с) 2n (d) 2n 
Inatriangle ABC, medians AD and BEare drawn. 


IfAD = 4, ZDAB - 7. and ZABE-A., then 
the area of the A АВС is pu 
64 8 
e) T Ы 5 
16 32 
© = (d) xs 


с A) 3b 
If in a ЛАВС acos?| | сс: |= ^, 
tien the ides d bando. 12003] 


(а) satisfya + b=c (b) areinA.P 
(c) areinG.P (d) arein H.P. 


2 


The sides of a triangle are sina, cosa and 


т 
1 sina cosa for some 0 < a < —. Then the 


greatest angle of the triangle is [2004] 
(а) 150° (b 90 
(с) 120 (d ө” 


А person standing on the bank of a river 
observes that the angle of elevation of the top 
ofa tree on the opposite bank of the river is 60° 
and when he retires 40 meters away from the 
tree the angle of elevation becomes 30°. The 


breadth of the river is 12004] 
(a) бт (b) 30m 
(c) 40m (d) 20m 


Ina triangle ABC, let ZC =~. Ifr is the inradius 


and R is the cirenmradius. ofthe triangle ARC, 


then 2 (r+ R) equals 12005] 
(а) b+c (5) a+b 
(c) a*b*c (d c*a 
Ifin a AABC , the altitudes from the vertices 4, 
B, C on opposite sides are in H.P, then sin А, 
sin B, sin Carein [2005] 
(а) СР (b) AP. 
(0) АР-ОР, (d H.P 


A tower standsat the centre ofa circular park. 4 

and В are two points on the boundary of the 

park such that АВ (= a) subtends an angle of 60° 

at the foot of the tower, and the angle of elevation 

of the top of the tower from A and B is 30°. The 

height of the tower is [2007] 
EH 


(a) a/v3 (b) 
(с) 24/43 (d) 2043 


Properties of Triangles 
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AB isa vertical pole with B at the ground level 
and 4 at the top. А man finds that the angle of 
elevation of the point A from a certain point C 
on the ground is 60°, He moves away from the 
pole along the line BC to a point D such that 
CD=7 m. From D the angle of elevation of the 
point А is 45°. Then the height of the pole is 
[2008] 


@ 8 1 O 233 sins 


Lg" 
WB 7431 
(c) Tes Dm @ FR 


Fora regular polygon, let r and R be the radii of 
the inscribed and the circumscribed circles. A 
false statement among the following is [2010] 
rod 
(a) Thereisa regular polygon with p = 77 


2 


(b) There is a regular polygon with == 


(c) Thereis a regular polygon with 


r 
R 
$ 
R 


(d) Thereis a regular polygon with 


13. 


14. 


16. 


м-225 


In а АРОК, If 3 sin P + 4 cos О = 6 and 
Asin 0+3 cos P= 1, then the angle R is equal 


to: 12012] 
5x т л 3 

QT oO FOF OF 

Ifina triangle ABC, 26 = ез y «then 

cosA is equal to 4 12012] 

(а) 57 (b 15 

(с) 3519 (d) 1935 


A bird is sitting on the top ofa vertical pole 20m 
high and its elevation from a point О on ће 
ground is 45°. И flies off horizontally straight 
away from the point О. After one second, the 
elevation of the bird from О is reduced to 30°. 


Then the speed (in m/s) ofthe bird іѕ [2014] 
(а) 20/2 (b 203-1) 
© 40N2-) (9) 403-42) 


Leta vertical tower AB have its end A on the 
level ground. Let C be the mid-point of AB and P 
be a point on the ground such that AP= 2AB. If 


ZBPC-,thentanpisequal to: — [2017] 
oo wf ey) oq 
@ % 07 © | (d) 9 


1. 


СФ 


Solutions 


Уу 


b) Leta=3x+4y, b=4x+3yandc=5x+ 5y 
>0, + 5y is the largest side 
the largestangle . Now 


+(4x43y)3 
23x +4у)(4х +3у) 


. C is obtuse angle = ЛАВС is obtuse 
angled 


and 


(à) We know that, r, 
A 


s-b 


r 
s-c 
Given that, 


T 
nnn 


s 
=> s-a<s-b<s-c 
=> -a<-b<-c = а>Ь>с 
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м-226 Mathematics 


3. (© Weknow that, 
5. @) Given that, 


C A) 3b 
ан (S) seoor(4)=# 


а[соѕ C+ 1] + feos A+ 1] 2 3b 
(a+ с) * (a cos C+ c cos B) - 3b 
We know that, b = a cos C + cos B 
a+c+b=3bora+c=2b 
or a, b, c are in A.P. 

6 © Leta-sin a, b - cos and 


c=yl+sinacosa 


Clearly aandb <1 bute> 1 assina >0 and 
cosa> 0 

©. cis the greatest side and greatest angle 
5С. 


2 4 p2 
2ab 
‚ 2 2 А 

_ Sin” a cos? 0—1 — іп acosa 


We know that, соз С = 


1 
2sina.cos ас 2 
=120° 


7. 
4 O 
f 
In right AQTR 
tan 60° -1> у= Эх 
In right APTR 
We know that median divides each other uu -à 
Pa v tan30°= -O 
in ratio 2:1 1407 
2 
ар-Зар рй диэн 
0 
1140 5 y= 20m 
Уз 8. (b) Weknow that for the circle circumscribing 
хаврг аа 8 16 aright triangle, hypotenutse is the diameter 
Area of. 1х x—R-— Ч =90° 
rea ој wa WS &С=90 
16.22 л 28 
^, Area of AABC = 2х — = 
Ws WS 


Г Median ofa A divides it into two A's of 


also r= 
equal area.] 
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ab п. 0) 


=> yz 
atb+e 


2ab 
2r+2R=—— +e 
atb+c 
2 
_ 2ab* ac * bc c^ 
a+b+c 


_ 2ab+ac+ beta? +b? (=a 48) 


a+b+c 
2 
zr) EREDE ү sy) 
a+b+c 
9. (b) Letaltitudes from 4, Band C be p,, p, and 
p, resp. 
1 
As 
2 Ан 2 2 
Given that, p, Py Py are in H.P. 
= 2A 2^ 2А arein HP. 
a b'c 
> L L L arein HP. 
abc 
=  a,b,carein A.P. 
Bysine formula 
= KsinA,KsinB, 12. (9 
— sind, sinB, sin 
10. (а) Inthe AAOB given that ZAOB = 60° and 
OA = OB = radius 
ОВА = ZOAB = 60° 
А АОВ is a equilateral triangle. 
= ОА-ОВ-АВ-а 
Let the height of tower is / m. 
13. (b 


Io right, ABC tan 60° = ^ = 43 
x 


| 


hi 


| 


Bex—emo D 
h 
—x- F mÀ 
In right, AABD 
h 


={ап 45°= "E 


=> h=x+7S>h- 


po BH 
48-1 V3+1 
743 
== M +1)m 
Let O is centre of polygon of л sides and 
AB is one of the side, then by figure 
o 


1 


[From ()] 


272. 

for n — 3,4, 6 respectively. 

Given that 3 sin P+ 4cos Q=6 

4sin 0+3соз P=1 , 

Squaring and adding (i) & (ii) we get 

9 sin? P+ 16cos?Q +24 sin P cos О 

+ 16 sin?Q + 9cos? P+ 24sin Q cos P 

=36+1=37 

9 (sin?P-- соз?Р)+ 16 (sin? О + cos? 0) 
| 24 (sinP cosQ | cos? sinQ)=37 
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м-228 
14. 0 
15. (5) 


— 9+16+2451(Р+0)=37 
[7^ sin?0 + cos’0 = 1 and sin А cos B+ 
cos A sin В —sin (А +В)] 
> sin(P +9) => 
5л 


т 
P+O= 2 ор 2" 
ца 


С-РУОФКЕ-т) 
5т 
Ho R= then 0<Q,P<2 
1 
= cosQclandsinP <= 


11 
=> 3sinP+4cosO<— 
But given that 3 sin P+4 sin 0-6 


So, R= = 
6 


Ina triangle ABC. 
bxc cta ab oy 

n m B 
=b+c=11K,c+a=12K,a+b=13K 
On solving these equations, we get 
a=7K,b=6K,c=5K 
Now we know, 


Let 


cos A= 
2he 
_ 36K? +25К? -49к2 1 
2(6K)(5K) 725 
Given that height of pole 48 = 20 m 
A B 
K ü 
24 
* «О --, 


Let O be the point on the ground such that 
ZAOC- 45° 
Let OC=x and CD=y 


20 
In right АОС, tan 45° = — wi) 


Mathematics 


20 

Insight ABOD, tansv°= =i) 

From (i) and (ii), we have x = 20 and 
120 

Л = х+у 


20 
Dry = eye 2B 


So, y = 2004/3 —1) mandtime = 15 (Given) 
Hence, speed = 20(43 —1) m/s 


Since AP- 2AB y ul 
ince E 


Let ZAPC =a 


1 
(+ Cisthe midpoint) (2. AC= АВ) 


1 
Stana= > 
an a= 7 
B 
c 
А Р 
tana +1ап[3 
Аз{ап(а+3у= 7 — i 


1—tana tan f) 


tana+tanB 1 
> талаалар 2 


vtna+B)= 8 


tan(a+B)=> [From()] 


1 
2 


